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Differential _ High of P, is max <Th} — P, is Second training data in kernel

-
B yS 00gamn 30 o jgel brosls wliil ogms —A S

SESL o)lse 5l bjael (slaesls il wibiwlos 51 yaS elas | OO aicin b 90l ols Gl Coje
cel al> o ol ;o CombinedIndeX_NDVI 5l solii ol cpuiomon .ol (0,5 ild anl b o oolaiwl jelatea
onl 030,85 Slocil (Jjgel ool lsiear sl jo 18,515 (rizran 5 (il el b (BLS sla gy 45 03,5 o0
N JS) el 45105 Wi s g iy BlES 32 a5 5orez Bblis jl (o35900 00ls Lo a8 055 oo s ol
090 Al po — o jg0l Gosls bkl -Y-Y-F

o=l 5000508 o oLzl ijgal slaosls flgieas sl Sy S eogame ;3 ol Al o siiles al> e oy
=gl 0ols ay o glas )| S oy 1S g s o yieS cailiwlos 51 5YL Combinedindex_NDVI al>
Pabal, (A JSE)20 )5 oo Sl ez 50 (S5550] loools S Bl oo (ike 4ol Llo |y (LS 5 Soo3

...\.QQC;A 45‘)1 ‘) laﬁé 4.1},@ o G“)?AT ‘_gLQoOL) A_Jl?{.:." 09.76

Slope P, is min
if { Combinedindex_ NDVI R >T, + — P, is First and Second training data in kernel
Differential _ High of P, is min

B ] &) & pgo 41."}.0 3° ‘;w)g.oi 6&06‘03)'.0)5 ufi)d.g J,‘ db).o P ‘54'4)5.0"— ‘SLQONQ -9 JS.«::



e 35Syl 1 03l b o] 0985 USo gl sl

olgawol (5380 031 j doz0 e

£9° 9 J5| ¢1.>).o ‘:»)}oi ‘SLboé‘.b )‘ ‘5); el.wl -Y-yY-¥
dl_boé‘.b gjj w.al_u 9 05_..4‘;0 6)_5 &Lo.o‘ ).in.\s.‘ l) Sl OJAT Cowdy ‘550 9 J}‘ 4.1.’>J.A )l as ‘5...:)5.0] L_SLQOO‘\J
Do o plas 1y 50,8 ild o Ll 5l eolaiuwl 5 (590l (sleesls Gl & jl>gls azas co JoSid 1) Lo (b)ge]

o asls L
Sl A ela ol . o el
S o & | 6% plazs]
[ selisy] wtlas Pl Jaglped
1 el N B e i
al - 5 )
i ) ) A g (Bt g
(e i ] e asls L
g3 Bl g g B3 e el
oot 3

ieel gesls Gl o logls -4 S

(shown (slse o g 5 ool b 30,8 yilid Y-
6y el 0030 5 ool [A] omo Lo s oy y551 51 o e 51 iy Bl (30,5 j2lid g al> o ol 5o
45‘;&)'5.0] 0318 98 Wg, ol joicwl as T solaul gl )l BT g ol byl 90 51 0,5 L a8 plo!
Ajoo)_?&a 4.»_»)L7u w)}o] oals 99 L)] O w5 @Lwla.w .\J)‘O ‘) ) P0)90 J.M&..) b alold u.v).u_in)f
uS_'{ O‘Mjwbu:).u 6‘”)5“’—‘ 03l df&i\))—\ L> G.A)ﬁé)}a Jmiu w ey ol aslaio g.,\.:.w o.\».»SM
45 5,90y Dgib oo oy b Sud (Shjgel ool b glad,l WS byl g 90,5 so dunlie dilaie o ailiwlos
odo sl Yo adal) 0gd s a8 S Jlai o o) JuSiy laieds wiS sl )l ) byl g0 0 o) 00500 Sy

|Slope n; —local Slope| <T,

if <and —n, is ground point

Hn —HP|<T
ORI ¥ ala)
ol 15 ) YA il s Ty g o Sl i Al o Ty oy 29530 oSy My YU alas], 4o

3g0] godls 3l ooliwl b yilid Jlosl wry gl S5, -F-F

clsal Bolai g gwd Ojgmo an ol eols flaie ay JuSiy Voo o 05 2l 5l Lol amls Sbjs)l ey
by sy Gl o ol ol kBl e g T e Vg g ol S 1+ 5 w5
g oloaba 8,5 a5 5 e é ol ila aS witee e sl Sy Jol g5 sl el sael ) Jgaz o

loatasd S 5la )3 ey oliiilay a5 (e f SloJuSiy 9o 55 Lo

S sls ped €9 s Jol &9 s>

VeX AN VO.A Y.
390l GWodld b 13,8 yilid 5 Jolo gl b5, ) Jgu

3l el @l Sete ooz S VY IS 5 s3leiidan B9y 4 005 S 5l el gl Col) e VY S

el o5 (B o idy 09b o0 alax>de a5 jsbslen dws o (LS 1) (53519890 (sl Kles jl oolitul b 2ld

loads il gl jo adds hlug g




S0 wielbl (5gls (uwdigo Lo usl jaiS ¢palgl

1#9F olo 5> o g P9

o LiS $5glgd g0 yilos b g lid ogmn 9 (10,5 3 5l Jeolo aomt -V U
Al (S (5099 Joo dntd —F-F
Sloolawl L g Jlocd p 31 cciSb pgas 5l g eyl alo b ooy gy L VY S o s slo Sty

Joe sais L VY S ] o s dilaie e (o098, Joe o (CUDIC) xS g, 4 (50i0aSids i,

i e} 038y a1 U
Lolpiuiiny 9 oy -0

=gl Glmools Ll L o5L8 (5,95 pgal oS an jlod (5, ool 10,5 b by, SO allis oy
cel osls ol loolawl g oS SaS oo (gl ol v ;o1 Cdoas Wilg o (330 § Cewyd gi,)‘jﬂ slrosls
adlate g5 g sl (S W55 555 2 Ol Geaen 9905 (o0 aitlaie L (6,5l Rl Coalal pue alS
= 2L sloiie 4 S Al |, ol bl g sl (w04 S 90,0 ‘5:13)'5.@1 slrools .ousls o las
A5 e ey b Glgieds aiil ol wliwlas j0 oS SISl slagre) 5 52ld | adis bolog 5 las)
‘S_AL)’?AT lools Ll o Jig, ol JSie alax31.00,5 oo oalizlmein] o (098, Joo Sgntn e ge oS
Gl 0,8 s 1ol o] Combinedindex NDVI oz Li 5l oolawl b aS ausls )18 aslus j0 a5 09 (5,15 ez
A cUa.n Q] (_g);.bdl.b.u‘ 3 Olisodol BTy Ql.z';.a‘ & i sools (59, 1, oaisasl )l 09 Q|9.'6o o..\.:.;i‘ sl

5,5 ol cgz ez 50 5055 jsbar g e |y Lbigel slrosls Gl yizen 4

&l

[1] Huising, E. and L.G. Pereira, Errors and accuracy estimates of laser data acquired by various
laser scanning systems for topographic applications. ISPRS Journal of photogrammetry and remote

sensing, 1998. 53(5): p. 245-261.

[2] Meng, X., et al., A multi-directional ground filtering algorithm for airborne LIDAR. ISPRS
Journal of Photogrammetry and Remote Sensing, 2009. 64(1): p. 117-124.



e 35Syl 1 03l b o] 0985 USo gl sl

olgawol (5380 031 j doz0 e

[3] Shan, J. and S. Aparajithan, Urban DEM generation from raw lidar data. Photogrammetric
Engineering & Remote Sensing, 2005. 71(2): p. 217-226.

[4] A. Mohammadzadeh , M.J.V., A. Tavakoli , N. Mohammadzadeh, An overview to the
applications of airborne lidar systems, in The 13th Australian Remote Sensing and Photogrammetry

Conference, Sensor Technologies. 2006: Canberra, Australia.

[5] Silvan-Cardenas, J. and L. Wang, A multi-resolution approach for filtering LiDAR altimetry
data. ISPRS journal of photogrammetry and remote sensing, 2006. 61(1): p. 11-22.

[6] Baligh, A., M.V. Zoej, and A. Mohammadzadeh, Bare earth extraction from airborne lidar data
using different filtering methods. Proceedings of Commission 11, ISPRS Congress Beijing 2008, 2008.

[7] Jahromi, A.B., et al., A Novel Filtering Algorithm for Bare-Earth Extraction From Airborne
Laser Scanning Data Using an Artificial Neural Network. Selected Topics in Applied Earth Observations

and Remote Sensing, IEEE Journal of, 2011. 4(4): p. 836-843.

[8] Vosselman, G., Slope based filtering of laser altimetry data. International Archives of
Photogrammetry and Remote Sensing, 2000.(33.B3/2; PART 3): p. 935-942.

[9] Sithole, G., Filtering of laser altimetry data using a slope adaptive filter. International Archives
of Photogrammetry Remote Sensing and Spatial Information Sciences, 2001. 34(3/W4): p. 203-210.

[10] Wang, C.-K. and Y-H. Tseng, Dem generation from airborne lidar data by an adaptive dual-
directional slope filter. 2010: na.

[11] Zarea, A. and A. Mohammadzadeh, A Novel Building and Tree Detection Method From LiDAR
Data and Aerial Images. Selected Topics in Applied Earth Observations and Remote Sensing, |IEEE

Journal of, 2015. PP(99): p. 1-12.

[12] Zare, A., Building Extraction and 3D Building Reconstruction by Fusion of Optic and LiDAR
Data, in K.N.Toosi University of Technology Faculty of Geodesy and Geomatics. 2013.



19K olo (53 o g k9 g

DTM Extraction using LIiDAR filtering data by using optical image,
choose semi-automated training data and morphology operator

Ali Mohammadzadeh'” , Mahdi Esfehani?

1-Associate Professor of Remote Sensing Dept., Faculty of Geomatics Engineering, K.N.Toosi
University of Technology
2- MSc Student of Remote sensing, K.N.Toosi University of Technology

ABSTRACT:

An airborne LiDAR? system capable of collecting three dimensional information over ground surface
effectively. DTM? extraction using airborne LiDAR data has become standard process from airborne
LiDAR data in decade. Filtering ground point from non-ground point in order to have ground truth is
basic process for DTM extraction. Many filtering method have been proposed for this process in dacade.

Basically they can be categorized into three main approaches: linear regression method, slope based
method and morphology based method. Slope base method has The basic Assumption of land with gentle
slopes which its important problems in terraced ground, abrupt surface, Vehicles and low-lying
vegetation. In this paper in order to filtering an adaptive approach with regién According to local slope
base filtering with use of training data and mathematical morphology operator, which training data with
use optic and LIiDAR images. This approach is proposed With the aim of solving the above problems
which Compared with local based approach without training data Behavior and provides better results.
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