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11- Compositional information
12- Object-based

13- Gap

14- Segment

15- Texture
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1- Adaptive Triangular Mesh

2- Airborne Digital Sensor

3- High Resolution Stereo Camera
4- Digital Modular Aerial Camera
5- Jena Airborne Scanner

6- Digital Mapping Camera

7- High Resolution

8- Intra-class

9- Pixel-based

10- Salt-pepper Effect
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1- Pan-sharpened
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11- Hierarchical Image Object Network
12- Sublevel & Subobject

13- Superlevel & Superobject

14- Parent Class

15- Child Class
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1- Inertial Measurement Unit

2- Exterior Orientation Parameters

3- Triangulation

4- Differential Global Positioning System

5- Hue, Intensity and Saturation Transformation
6- Segmentation

7- Image Objects

8- Compactness/Smoothness

9- Scale Parameter

10- Strongly Textured
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3- Classification Stability
4- Class Separablity

B) iy Sopadly A2 5 2) ik

ale b gomanlb -

Dy oo Dygeo gabazkd gliw p ganail ggi onl
g g gyt S oy (6w S bl il
(Sle) Gheb 851 Sl 0l oo b S iogs
(alne) S (g S Tas ¢ JBlas cand e Gl il
(e oSO ST bl () B se (Job cdaree
sl 51 AsS o 4o Slakss 51 5y 4ol g (g 55,5
ol aieb Sy oy Sl izren Bl (6395
ot Ly Sl Ly Loyl 59 i | o0l p0n (Shs
(Definiense AG (a), 2006) s ,5 solazwl S0

gl )0 il (0 FSGOF g 4 ganaiil SG
5 Lo S iogi ge3l il ey 285 plnl &)y Slil
ol )0 el loaiges Mol 5 il slaaily

1- Features
2- Context



W) VWF B IS0 dmio A PAR Ll oF 55l oo Jlo eyl SLKim pozmil eyl Koz Al

25 alre il 5l So e sl L LS ce b

(Congalton, 1991; Lillesand & Kiefer, 2000)
Cely 2885 a5 ol Ml 5 Taz b plapas
L caline gsloaiss slaal Sl S5 slaws o s
Smdge g £95 9 (lwlid wdhaie )3 clie (SaiSTy
Lk pgad )0 Ll g 5) = oL o=l G0
S50 sondti sddigal flgicay U ol clblooly wadol>
bogae 3l )l Sen LS 0 pl s .S 18 eolail
O,ly ol oo o)l o Loy j|)8 aiged dalad

Rolas (owdis moal )3 (e J S bla sl eslanul
CaBge dmlio .cils ol cds molisl b e 30
3l CunBae b gl 55) paSLE slvonay I olass
ssbad oo Sl s satmoplis e (59 0 Ll

TR NI IC IV
S oy Slab gl 5 LIS yys 5 S S
9 9=2,0 AF s jan (OB p(em 5 OB powy SSE
OF i (b V) o ganaid ¢lp g < /A9
W RU 05 Jdoas (Y Jguz) del cawody +/F) g o0
i)l b ol Como ) Coably Digel ankd 2l
Sy aST > 09 CU ay b o Uas oy i ol
O A0 gy 0l (gaudinb Cuw )0 diged dakad 1o
J&las Deep shade 4 PI olal L Dead Tree 4ol
e bl (5 teS Como L o] SIS g el

adb o ,bliewadlyl jYb mhe dib ;o Cugac
Al Jlesl

9,4 (sonlad Gladisad g (e Cunbly Aidi dps -
S

So ool owtg@&,b 6[.@&&';.8.3 Couo ‘531.;.)’)1 L5|).3
s SO jshate cplay el anslie ) Condly A
Sldes o a s Sl (hg,4 slaiged (o) Cundly
elodigal axlad Joxe 0 jea L VVAA olo e jo Sloe
w285 ploxl g ool el poal 69, yiioy &5
500l olr Aafingal ekl L aiged askd 3550 (28l
dap 4595 g4 9 ,had DGPS 505,53 oSiws jl oolainl
Slasges azhad L300 e il VO 5l gkl LS o
J_»a)o\/\ s)l_"JSJb <IYA L_a)_:‘).))).,.,o\“‘ él:.w:\.: 6‘0).3‘0
by s (Sl i S (s e Cols
e A CS 0 40 C’W.}T g alold lanl (s o0 SO
Ol ool 9 08 (6 S oIl Lscdad § (6,5 e dwgay
Apd dged dzhad o LS 0 Cosdge 088 (glaladi Al
Sleolaiwl L dgel dadad &l a5y gual i Al o j0 0
72z b0guome i L cdoje 10 Suome jga 3l e
@Y JSE) ab s G50 5 55 ok

sl slebas le QT SeaS 4 b5 ol sbo! Uas
9‘515;,‘799‘);)[5;,‘799‘0&4_5“94%@&%



6[&:‘4; uam L) UltraCam-D )JBLGJ k_/‘-ﬁ-blj gy \VYY

(Al V) o5 olib slawe p core obj)l At -V Jgoo

Esore JoaSias %Ll; 52 tﬁb 2° ils S‘J“" 22 ;LY 2° bﬁl’ fen
Jo & & lo s % BTs o il
VA-TYY . FYE | YASAG | avoo . $1e8 | ATYVLY 5, bl
YA9ALY yia- Y-y YOov) #YQ-Y fyAQ \YPYY . AYA 9 gl
fras . . . . . fras . oy g0
AN+ DY YEYY fa) . VOYYY . ZavYy . . slo ozl
7ayy. . . Ya-of Y44 . Y- AY ARRFZN wlo yo bsb
YZOAY . YYf- . AR . . YYo S5 &l
VIAY SAY . . . . 5+0 . Joasas
ASY - . . OYY) . . . FrYa o g i
OYAYTY AT YYOFA FAZEN AAQAY fyAQ Y-A-AQ YFAYYA Egozno
<AYEN JA00 | S/EYYY | </VOYY . o (7YY < IAYFY ouuSadg Coo
SINAL4 JNEYZ | CIENAN | </YYYA . < [FYYY <IYY0A 25 Coro
<AYYY </A¥A SVEEY | efeNF | 4o oYY +/¥444 <[FAD LB o
05 ¥ S oo
DONY | S el s

oled Glge cod IS ol LB o Conoe objyl g o g ale o b &8 SO Sl 2l ¥ Jaao ulal
FERAIW PN WY I g PRE SRR I E NP UU LA EH U 3 oo lodas cléliaads 9o pl g 09 0l Jlws o8
b iy S8 Glp LS oo 9 (S oo (bl ] Aosly el STl gunails Coo g widg oud (gandils
1+ i 54 PL, CU, QU, Dead Tree, Deep shade ol Pl z6 5l adu 4 SladisS ,0 wa A e 0 cplplo

el Cawdas +JAY g ooy plesl i wlid placdls J13 65 o Jion g ale

(ail 0) ol 25,0 sladisS sluw p g 257 Olib plesl 5l o oo bl ds -V Jgor

E3ome s Lol | geasas | ¥ e AR~
H s et
fyas | fras lo s g0
YFOAY | YO VYo . YYEe) . LS &L
VAY 0-0 . FAY . . Joasias
YRaFAY | YEFed | YYFRNE . V¥ . sl
YAYAY. | YVEYVD | YE.. FAVY sav FYAQ s
ASY - . ASY - . . . PR
OVAYEY | Yevevs | YYVEVQ | OFA0 | YrorA | FVAQ E ez
SZS\REN BRRVAN /2N BNRVAR 4 A NN IRRVAVASY . baiS g Cmo
JAOYE | ARRD | -/0VES | cJAFYF . S oo
SVASA | /8 | SAYYY | AFA | —efe VS LS oy
AR S e
JAVEY | S Gl




VY VWF B IS0 dmio A PAR Ll oF 55l oo Jlo eyl SLKim pozmil eyl Koz Al

E5=0 e Glodasiio g SUGLl wl-s o5 by, 40
aiile )18 3925 Glojes &jgon ail Sy Groy lp
s o) S5SNI | Gl 550 0 IS
Ll s5L8 gomainle (b 5l eslitul 5 (o990 42 b
g suainb () ax b g ledasin 5l (oS 5 a4z &S
Ot 59 4 b g (feo9e b S npal slaosls plas
Ll g cold 4 e o Cawoay |y gunaa b dos
S 0,50 sladadiie g oolaiul 0,90 slaools 5 SIS
AYAA (Lsd ) AYAY (6 58 AYAY ( olid) o)ls LS

.(Hoover, 1996; Ozdemir et al., 2008
il (8288 5 cwlio el )| slaosls sl ool puizon
Laools cpl Judo g 4535 ;0 DTM 4 DSM 4 LIDAR
Sl (65978 el g ahe o0 S S5 Lo
Naesset & Gobakken, 2005; Baltsavias et al., )

2007; Hirschmugl et al., 2007; Chang et al., 2008;
.(Matthew & Ramanathan, 2008; Wang et al., 2008

el ) ) St bl 0 osas wnledbl g4 oyl Lo
63 b A g B o wiejls Ll &gl g wlowss ags

o=l o eolaiul 8550 pead (6 el SIS 55l
30 (6 ymegmaly dals ol 3l ol ogs Cen VF Baies
g Sledbl wiie o A S Jslaie glaosls b anslas
Cwddy o) Himdigy lponnay 5l (g iien Olo >
30 a8 SO L pdgy ol gblin )0 yoren 000
osalis B o5 (g gl SISE (s b (s pslad
Al S oo a1l (6 panae Sledbl pglar (i
slocasgase 5l Bl 03 polej 50k sl e

(Leberl & Gruber, 2005) 09.‘»(5@ T ).’sLa.: U"‘
Lk Ay Sl oldes @l oy 4z o LS o
Slyds 9 5 S005 )l pgal Gloj 4 (e Cosly
Olimebl b ccoro ol il S gloy dlold (ol jo
(SEL.\_:.A Wil Baiod pl 0 .C8 5 aales ‘al:;al S oo
Oleyod ghad a5l s gl pngal jlam Jlo G s
L ol e s imb SOy s aiile So5egn8 Lo

slrosnay SISE ;o gkl ol ealide slbxl
s 4oy Geizmed Sl S5 Lo olal Sl 5l calise
lab ogase jo |y 15 o5 Slab 4 aas oo oSl
Jiaiol Jte (gl S (gaipainh i los 5 IS
4 Hardwood d_al | 21o ,0 (5 peal daad SO aS|
S 9 S s e sgzg el ools wlaisl PI Al
3L PT as Jlews o]

S b ganankad ln canlin slaay Sledl o 50 5o
=ls o gyl e cie 13 PCAY 0ol 5l ool
Loy 5 saadinb ug) 3 Ll e bl guipaalad
o eslawl wlads

= lakad e 3o Glal) (pwsin Sl e (gunaskd
lr Lo aabd yo olats) (cageda L 5l oo g (Losysy
sla iy, (Yu et al., 2006) el oL, BB (ail S
09 (e Lawgs gapaabd mls b)) i
Hoover, 1996 4 Levin & Nazif, 1985; Zhang, 1996
s 2Ll Ghey crslesel LB Lel eslonds )
Aol cplplo ccul sl gl 5l oolaiwl g (5 pas
sl aSal Ko g amlgss atdpdy (gunaskas g
(Baatz & Schape, 1999) ail oo Lol) pudo
Dby alizee laosnay SIS gl dl ool
Wil de Wil so e I IS S8 wile ¢y
iz slaaiss S gl p (S did 3l o Ll
Ol 55 25 3903 45 15 0I5 gob; 25U o lgem (30
2 sl oS wle gy Jdsa (QU3L 5SS k5D
30 B )8 Camog ¢ 2ol g Cudl g slal cglay | ¢y
e S S Casbye | (S Sl 5l Sl
bl Blsgay g el Sglite Ly ol LT Sy (6l
@l e IS Rt § G 0SS 24,
D)l ahLS e (AL b elesl sanaiil
,L=1 s (Hirschmugl et al., 2007; Yu et al., 2006)
5 calizie glodaisf —ab el Sal e il
o S5 T b S (S5 AT
OYAN (S g (awlie) 0iS oo Slids iy yos

1- Dominance



v godisS asis yo UltraCam-D pglay ol o)y

\V¥

&b
bl plole g cao gy ol de el (lad,
sisbas a0 gonaib by, )l ATAA ( SLS
JKz 00,5 Gae L UltraCam-D 09-3, )52
degeme (Jlod slo Sz 5l ondcdly py polad (o) )
Sl gt 5 JKi) K el (nges i

B N NE S (N

GO g (gode oS 3 ) LS AVAA s ol o
(6,550 Al (Ui glopylal jo Slsa pglas
Sy olRizils (sl pode g o_:.....b @L;.o daseislo
AR RS

A dgd Ol (g ) 2 AVAY (lnd s )l S
ialla) (glolsale (gloosls jl ool b ISz slacas
(pogi JS09 5 chgly (D90l SNz 163,5
VOO ()] 5 oiils (6 285 daliLb

o o Sl i gy el e ol 5 sl
o ATA (Glors Silen 5 2 lee 59,0 Lo joorna
50 SLeassS (St S p (el (Sl Dglis
(o) il ool Ly (655 le J S
Ol pgime 5 Sz Slidoy ciagh - ele dslilad
DFA-OA- (VY

3 (o55y) Jizmes s laSe ATAD e a2
o) S s S obiala 35 Lot slo JSir
NO-VY o lods yion

5l JS sl g, Agli NTAP ity codly st
bl (=2l s p)bs sloasds g jo 158
oSl el pole 5 ool 505ty wih) ulis IS
eIV Gy

Goauaalad sla 2l )*-’l’ Lo AVAY (e (5208
pobas l)_?;y.i. Go—wa b cods o 4 ulbe w>
g oSl ] anli IS el ecslelsnbe
PV A GRS e

G590 (i gl 5 ATAD cdon ( gogoans
Obelw « ppom 4ol fad UltraCam-D sl 053,
YO-YY 00 (o0 ,lgz 5,50 « L3l 2>

S pyad o Ll Ghalad 892 )0 (b0 (20,4
S5 sl

6‘)—.’ 0)15_0.6 ol UL....A.E‘ L PN 6L‘°d‘39§ g 4
o=l 0 paPucols ) Cono Ll 009 (6590 LIS
(Korpela & Tokola, 2006) el do,0 A0 51 Giow diw)
L wolgls SO 5l 4568 cpaiz oS Juize b K> o
zl el g usls jl 8 00g5 G o iz slo i
Coo J&.M_a )L,..M_: VN VR RN S Ql;'_>’-)o
S Gles L gleosls SeSay ayl—s ob sunanb
CptS Ladiges 55lasl (guashad CoaS 4wl Sl
< . . \ 1ad . .
bz g S @igh g omaieb Csz )l o6l paises
AYAA ‘Ql "!"é)) Sl ax 3‘9 GQLS wy L;ia.?LA.Ai
.NYuetal., 2006

L o /AY LS oo gao 0 0 (IS Coro 4y olitws

ol (5553 GldsS ais )3 pola cnl 5l esliul
oS lgaual clime B by yd il slas SIS 5o
Sl Lo LSz 5 pslas ol 4 el 5l g wiend
oS g Uil wsloads a8 3 Say &y 5 (Siba
PlS g 9,84 pamie Gl iz ;o ohiga iy o)l
95 nolas o=l b v ulply el 69,0 Jlad
5 (Foliie slaylsla 5 Koo bl jo al-s & s,

High (b))l (S g la Sz

63 35wl
obas u...ab Jdoas oldlae losle p toee o oo
3 S ot yelaiods dlewas (5, Sen g o0l oolau]

dloso—o Glojlw gl p e GLwlid)lS o )lo

oot OLBT & 50 0 slags ) 5en i o55a ol Kusliws
e 75 9 (S ke (sanle ((hlie (oegarns
Same Job jo ldond;)l ol 1o lgen a5 Lelanl

Al oolazwl b

1- Classification Framwork



1Yo VWF B IS0 dmio A PAR Ll oF 55l oo Jlo eyl SLKim pozmil eyl Koz Al

segmentation, |EEE Transactions on Pattern
Analysis and Machine Intelligence, 7(5): 570-585.

Lillesand, T. & R. Kiefer, 2000. Remote sensing
and image interpretation, NewYork, USA: John
Wiley & Sons, 736 pp.

Matthew, V. & S. Ramanathan, 2008. Seasonal
effect on tree species classification in an urban
environment using hyperspectral data, LIDAR, and
an object-oriented approach, Sensors, 8: 3020-
3036.

Millette, T. L. & C. D. Hayward, 2004. Detailed
forest stand metrics taken from AIMS-1 sensor data,
http://www.mtholyoke.edu/dept/earth/facilities/Mille
tte-b.pdf

Naesset, E. & T. Gobakken, 2005. Estimating forest
growth using canopy metrics derived from airborn
lasser scanner data, Remote sensing of environment,
96(3-4): 453-465.

Ozdemir, 1., D. Norton, U. Y. Ozkan, A. Mert & O.
Senturk, 2008. Estimation of tree size diversity
using object—oriented texture analysis and ASTER
imagery, Sensors, 8: 4709-4724

Schiewe, J., 2002. Segmentation of high-resolution
remotely sensed data concepts, application and
problems, in Symposium on geospatial theory,
processing and applications, Ottawa, Canada, 235-
242.

Yu, Q., P. Gong, N. Clinton, G. Biging, M. Kelly &
D. Schirokauer, 2006. Object-Based detailed
vegetation classification with airborn high spatial
resolution semote sensing imagery,
Photogrammetric Engineering & Remote Sensing,
72(7): 799-811

Wang, Z., R. Boesch & C. Ginzler, 2008.
Integration of high resolution aerial images and
airborn LIDAR data for forest delineation, The
International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences.
Vol. XXXVII. Part B7. Beijing, China.

Zhang, Y., 1996. A Survey on evaluation methods
for image segmentation, Pattern Recognition,
29(8): 1334-1346.

Baltsavias, E., H. Eisenbeiss, D. Akca, L.T. Waser,
M. Kuckler, C. Ginzler & P. Thee, 2007. Modelling

fractional shrub/tree cover and multi-temporal
changes using high resolution digital surface model
and CIR-aerial images,
Http://www.photogrammetry.ethz.ch/general/perso
ns/devrim-publ.html

Baatz, M. & A. Schape, 1999. Object-oriented and
multi-scale image analysis in semantic network, in
Proc. of 2nd Int. symposium on operalization of
remote sensing, Ensched, ITC, 148-157.

Benz, U.C., P. Hoffmann, G. Waillhauck, I.
Lingenfelder & M. Heynen, 2004. Multi-resolution
object-oriented fuzzy analysis of remote sensing
data for GIS-ready Information. ISPRS Journal of
Photogrammetry and Remote Sensing, 58: 239-258.

Bohlin, J., H. K. Olsson, J. Olofsson & 1.
Wallerman, 2007. Tree species discrimination by
aid of template matching applied to digital air
photos,  http://www.rali.boku.ac.at/fileadmin/-/H857-
VFL/workshops/3drsforestry/presentations/7.4-Olsson.pdf

Chang, A., J. O. Kim, K. Ryu & Y. I. Kim, 2008.
Comparison of methods to estimate individual tree
attributes using color aerial photographs and
LiDAR data, WSEAS Transactions on Signal
Processing, 4(1): 21-27

Congalton, R. G., 1991. A review of assessing the
accuracy of classification of remotely sensed data,
Remote Sensing of Environment, 37: 35-46.

Definiense AG (a), 2006.
http//:www.definiense.com/Userguide.pdf, 249 pp.

Definiense AG (b), 2006.
http//:-www.definiense.com/Referencebook.pdf, 122pp.

Hirschmugl, M., M. Ofner, J. Raggam & M.
Schardt, 2007. Single tree detection in very high
resolution remote sensing data,
http://www.sciencedirect.com

Hoover, A., 1996. An experimental comparison
range image segmentation algorithms, IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 18(7): 673-689.

Korpela, I. & T. Tokola, 2006. Potential of aerial
images-based monoscopic and multiview single-
tree forest inventory- a simulation approach, Forest
Science, 52(3): 136-147.

Leberl, F. & M. Gruber, 2005. UltraCam-D;
Understanding some noteworthly capabilities,
http://www.ifp.uni-
stuttgart.de/publications/phowo05/090Leberl.pdf.

Levine, M.D. & A.M. Nazif, 1985. Dynamic
measurement of computer generated image



Iranian Journal of Forest, Vol.2, No.2, Summer 2010 176

Evaluation of UltraCam-D images capability for tree species identification using object-based
method in the even-aged mixed forestation

A.A. Darvishsefat™, O. Rafieyan?, S. Babaii Kafaki® and A. Mataji*
"Professor, Faculty of Natural Resources, University of Tehran, I. R. Iran
Ph.D Student, Faculty of Agriculture and Natural Resources, Islamic Azad University, Science and Research Branch, 1. R. Iran
3 Assistant Prof., Faculty of Agriculture and Natural Resources, Islamic Azad University, Science and Research Branch, I. R. Iran
*Associate Prof., Faculty of Agriculture and Natural Resources, Islamic Azad University, Science and Research Branch, I. R. Iran
(Received: 6 April 2010, Accepted: 18 May 2010)

Abstract

One important point in using all the capabilities of digital aerial images in forest management is the
implementation of optimized classification methods and extraction of useful information from the forest.
Object-based classification reduces local spectral variations caused by crown textures, gaps and shadows. In
addition, with spectrally homogeneous segments of images, both spectral values and spatial properties, such
as size, shape and texture can be explicitly utilized as features for further classification. The aim of this study
is to evaluate the possibility of object-based method for the identification of major tree species and mapping
them using aerial digital (UltraCam-D) images in forested areas. After pre-processing of images, a trial and
error method was employed to achieve the ideal segmentation results. In order to construct the hierarchical
image object network, segmentation was conducted stepwise at two levels. The classification hierarchy was
developed and NN classification was performed. Accuracy assessment of the produced maps, comparing
with field reference data showed the overall accuracy and Kappa coefficient of 90% and 0.82, respectively.
To evaluate the data and the method, similar studies seem to be necessary in different forest structures.
Furthermore, classification of tree species composition with such high level of detail and accuracy would be
suitable to combine with DSM, DTM or LiDAR data.

Key words: UltraCam-D, Object-based classification, Tree species identification, Even-aged mixed forestation,
Hierarchical segmentation.
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