@ ‘ :~ -
YOS 5yl aadids pleiln (38 g (ole aslials

1499 - 0POT el gaa sl sylads IPAR 18 (44 (als2) Oerladb @230 L ?

UDAR 1, clisyg ¢, hab sloosls loias sSilay slias 1y sx@an Libl Giilags)pesdis ®
s - sild Jibgy §) eslaml L 193 §) ghaiw (ayb 3ip 1gles sxivalb @

“ GIS )\ o3tz b oyl adgs O3485 Uo.w ®
)




HW
0’0

Sl 9 PlaiSle slgl> ol ) segozo

SISl il JGgs

R-322 / R-322N |

mgon

2" 0.6
R-323 / R-323N | 3~ 1.0 mgon [
R-335 / R-335N | 5~ 1.5 mgon ;
|R-325 / R-325N| 5" | 1.5 mgon | N e
R-315 / R-315N S 1.5 mgon }l
[R-326 | 6" | 1.9 mgon| www.pentaxr300.com

!

150
2001 & 14001

(© Pentax 2004 - AS 591304 - SURVEY/02/10/04

(ua‘-‘-u-"'o-«)h,‘lb Mb d}:‘ L - <
Olodl 49 puslily (5 jleaadl suiulad

. ) V4% o)l (5l paid 51 o (S1aml 1 (5 padae QLS - Gl
Total Construction Solutions AP YIFD- - rolied AYVERAL: Gulh (IaA1Y) AVAD: -+ ¢ als

www.jahedteb.com info@jahedteb.com



10Y8 - OY0R 2 _Mall oy 3 5kl o slas
ISSN:1029-5259
Volume 16 Number 66
OCTOBER 2004

u—'-s- u.cl-ﬁ ML’-A\.O
(?Pd‘i‘v) Dol (\YAY) rh.:}a\g Jw
\YAY ¢

590 S

Lk el en el e e o 5 4

S bl en by alliesdl sy > L

s o hoaea
CAPAD-VPAY oy Badis

e S

: magazme@nccorgu ,_;S.a,, S ey =

© WWW.NCC.OTZAAr s (2 2l (Gl

0 dam 5 e ol an |y i ol e
'Azbﬂdu;

e pis Sl 25 285 4 Ol 638

s
f Al v m
di m

Sl g dman Ll Sl gl e 23
il 5 b glaesls Ol jen S Sl
0 LIDAR
Losd 3l i giob A las (g ail
\e 28— S e, leslizsl
GIS 3l e3lizul b 5 ol 4 g 03 305 Laseiie
\\% (Watershed Delineation Using GIS)
S5 s sS

5SS GPS Oldalin o5 2Ll
Yy alS s
Y4 (Advanced Land Imager) ALl s Lo
s 85 6158 5 5l —50S
el 9 pse 5 G leds
. RS
A5 olid)lS O g3l SVl 5 5050
Ty ¥ osled (613 p Al wdigs 4zl
53l el S I8l el S s 181

Yo Olgr 53 oo A 5 Sronie
Y4 (Learning Organization) o ;.55 Obs 3l
Y Ll m

o 5 7

&l GOCE ojlsale (5)smaan j2apl S
&)Jﬁj (.)‘J.:A sz:fo)l.,\;l

Sde dazes ;3551 ghes e
B P e

i g P o

i (S gy e edige e dazms S5
553 (Wb Lo M e « JSSU Lo ) e
(G ok Sl e edige OLlo doaw
Sa37l e s R (o el
oo (Slazmepldst e da e edige
SR I e S 3 glssla

:o)Lw.f: ;,4_| Q‘)\S\M

S Or sl Ol 0 3 ams (I3l dinne
sla o ol —ao dlcile) sl S Lo ki
w3l dge stder! Lo, 08l o
Dbl c—:->:u)«'->‘-="e 5 samme ¢ SSG Olay
Hdl s o5l 5 (308 dl g5 2 e
SooSmnlin s ey Sk i
Gl padds Dlaas

Obblr oz e 12 29

A e 1Sl 5 g;:‘)i e
Cv\?cﬁiﬂ:é\d\.’ab %'.3\3

)}ls‘SJIAX@&LAJ'L.‘:J.ALij v_:- Q_’t:‘j;_;

Al Mo b




alliio yus

osls 4 VO aJLaJ:.S>u,eu~L,«|J._s_,Q|J._‘|u.03\—nl‘_g)_,.€,g.>_-;.‘.hjé_,‘_’ola.:a-l‘LSJL&.HW_,S()LRLUJ{@JMMN):
6u)Lble>Lp|jd|yC§)qﬁ-)aﬁflﬁduubﬂcﬂlrj\!‘..l;.»s_'ﬂ.).ab}uﬂr..:o‘-ga.x,,.),&‘fuul}ﬁbg\l\b'\
il Sle gb g b Lisul B Y ;,»QU.\:‘UL;»@.\J_.;ﬁw,.udh_;ﬁju:.sq‘o%ql:sucjh.wnﬁy
u‘,h.:.o»(g;:.squé)ejijw):du,u....‘W;L:.,ulo__:ljlé.M:%(:L&Sl&bﬁ)G}Juuﬁjcﬂﬂwabjubj
oo S5 15 5 5 (652540l 19 o ocke Ol Sor 5325 (6 5 s a3l e 30505 53 b 1 yome OUSA A
Bl 2 5 5528 o5y oMo (65513 5 SbLa jlcalan 5 wlins 1(5355LES slgar (63l gy 5 Kms ()3l 5 i3
WLlazdls L;,K,.AL,;L,)@M Sl

g;elplg;@q-);wuas)b«ab)\kb)‘v.;l;bﬂu::,.«,l.\gl.’.w;ﬂ()%uuﬂux_oljuﬂqcﬁl{w@!
399 sledisn 53 53,550 SEMbIAY St a5 L wsls Sl an g5 5 (o3laml Ul imean 5 SUls 5 SRl
s.;;'-L.cJ._,)'GL»!d.u.:}iwwblﬁﬁ&&»&b‘ﬂo!ﬁé-bﬁ}>l>,g|qu:JJC,7«A!‘JJJI:uJL§Ac._.ALe6ﬁJ>ﬁb
sﬁw&gw@;LE)lSe)LU;¢de>bljl§;_,la-gﬂé@l&&éuub%@ﬁu‘a&ob%l
Sl glas same S Oledbl e ol 5 :ija\_,swﬁ;c;)l,;q.»;w(ulmls)dlﬁc}]a..«ﬁlﬁﬁ)ubﬁ
3 M Cilisea ; gal 45 ol Sl (65,55 5 gl ¢ SA Shansls dlgslid o pon s (LS dns Bt sl
((.J)'L»L’O&A‘AAJWbL;L&c]a...v‘)a‘.’J&éuablb}|%a.§u~1ﬂ“,WJLND‘LSJJT@?_-

o.)‘.iu_.éija.}c;)_,..aw|4;'r%ﬁé%lﬁw;lelwmléjwb.h.ul{jlxlrio;qta-)}‘le.uwahﬂ.mr&}‘
et 4l aen g5 28 ealial b ) gomn Ul Sl axn 5 IS 5 3b 4 5 a5 o plaianl cg3baBl A pp s
Um‘g,,ugg}o,u.uL_LsLe}Uuuﬁ‘Leﬁfw,aqi;bww@&,éuoan;;tf;ﬁu,uﬂﬁﬁb,;,;
' o 235) Slrdlad 5 Gl 5 gole Jal 2 55 sl

d.i;'q);.«d‘&»duu'l;j o e 40 s jlsleal dgzulon 30 5 gleslon Gl cws e cxla 5 ol Lol 08
oy Sl b GG slaesls e el 5 $3aly e gl 1K wcalby 5 ) pela Olge Cow diw bl
oMbl ()51 5 DLl 255 (s 500LiSaler 5 c0slas 5 mlio 23«8 3l 3 5015 55565 05 055 Casnde 5 5 spam
Sl 25 0l 3 ety Ly ) (6250l 129 ke Olajlar s 0 35 4G 3lon g 3 St 135 65955 i3y
360318 5 SMadosi o le S5 P oma b (61 pald pndign e 55 Gamasvie 5 i Lo i g5 5 () e esls o
ekl slgrd Gl s o 1 ol il

S Hlis dgwlan ‘_;u)},u);uili.oealaubgl.ﬁ-bﬁj)u}irlg-q&l:;.ﬂadu)'g:)yrl.(’l‘.u“@b’lgu’;&):
slomal elzel o ol 5 s ot 5 slansl dns ilind o 5 S B sl o 93,8 5 5 (clgiotu (65150
23 S glmesls sl eslizad 4 G S poads 53 SIS slaesls i aslizal ¢ IS esls e s Sl i slgla
il 0l L0 o Sy e

‘Lg:L.a:.BIW)SJ'L:.SJJJA&S;JVKLQJKAQLD&Hqg}gw};ﬂbdibﬁ&lﬁbhwlwﬂgwi.\.:a|

338 pcn )25 ([Son b 5 lat]



(SO dw sl Silo g1 g
LIDAR 5L 51 g (caub (5la 0315 (ylo o (5 35 )10 Sl 5

053113000 3(8)8 )35 :030m30)
O3 (531 ¢,38 a35ui31s G33Leg3) g ¢5)l3 ) AUlD ¢ Waigs 50)S (5)La1)5938 (515>
samadz@ut.ac.ir

OJ.\S%

wbbg}bd»&\sﬁbc&)l,«:wlu@o;ol,.p,.aa'-;;ﬁwulgutb,;he.y“;g.:m@uuf%,vs
\:..g'd\’uﬁg):du‘}’-QJA.‘:J:':')u.v.hs‘stadrjsuSu_6\.'\...»)3;gl%ﬂjﬁwﬁdwdw")JJcﬁULuk’
w,scﬂba..u‘,&C)h.a%b,:;ﬁrdbo.g.\sua,&-.:.?‘,C‘,a';:.»lﬁb\SJ»al,&gblyq&;)a.ﬁ@g«.}g.uj‘.\};de
5LIDAR Jl&sj‘,uézbd\m:l;fl';:l,;\,.m awp%&ufnag,,mq‘sjupdﬁf,&,duﬁﬁgx 9
5L:.:A|Q%')Jbb“d‘)‘&})dJ)‘&}‘J&\’@’ksC.-w.0.’.—:'43‘)"5.).04.4.&;g'w,a‘ﬁw‘)#qumA‘xJJ
‘clf'.:..d zd.glsdu.jt,.wlsaquua,i,:-ua;;..:;,@;.;..ﬁ,;‘_;.,,wldvgquﬁg‘c},a,awu&;l
LIDAR ¢ A5 5 ¢ (S5 9 535 90 51 Shos (55U g izl cploal ¢ painls

Automatic 3D Object Extraction and Recognition from LIDAR Data
Farhad Samadzadegan
Dept. of Surveying and Geomatics Engineering, Faculty of Engineering, University of Tehran, Tehran, Iran
samadz@ut.ac.ir

KEY WORDS: 3D Objects, Extraction, Recognition, Information fusion, Fuzzy logic, Morphological operators, Region growing,
ABSTRACT

Three dimensional object extraction and recognition (OER) from LIDAR data has been an area of major interest in photogrammetry for
quite a long time. However, most of the existing methods for automatic object extraction and recognition from LIDAR data are just based
on the range information and employ parametric methods and object's vagueness behaviour is basically neglected. Thus, these meth-
ods do not take into account the extraction and recognition complexities and may fail to reach a satisfied reliability level in complex sit-
uations. In this paper a novel approach based on the following strategies is formulated and implemented: (a) for a more comprehensive
definition of the objects, information fusion concept is utilized, i.e., object's descriptive components such as 3D structural and textural
(ST) information are automatically extracted from first/last rang and intensity information of LIDAR data and simultaneously fed into the
evaluation process, (b) for a more realistic expression of the objects and also for simultaneous fusion of the extracted ST components,
the fuzzy reasoning strategy is employed. The proposed automatic OER methodology is evaluated for two different object classes of
buildings and trees, using a portion of LIDAR data of an urban area. The visual inspection of the recognized objects demonstrates prom-
ising results.
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Size SoLarge: Large « Medium . Small .SoSmall
Input TextureDiff SoLarge: Large . Medium « Small .SoSmall
ReliefDiff SoLarge: Large « Medium . Small .SoSmall
Output Grow Grow: ProbablyGrow « ProbablyNotGrow NotGrow
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|  Type Linguistic Variable Linguistic Labels

i Height SoHigh« High « Medium Short SoShort

|

| Structural Area SoLarge. Large « Medium « Small SoSmall

Input ‘ Relief SoRegular. Regular « Irregular Solrregular

: Shape soStretched. Stretched <NonStretched

i Textural Texture SoRegular: Regular « IrregularSolrregular
Output L Object Object Type Yes. ProbablyYes « ProbablyNot Not
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Extracted and Recognized Buildings

Extracted and Recognized Trees
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Membership function of TextureDiff Mcmbenlup fumman Relief
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Membership function of Size

Output Variable

os
L
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Membership function of Grow

Some Sample Rules:

IF Area Is So Small AND TextureDiff Is So Small AND CollorDiff 1s SoSmall THEN Grow
IF Area Is So Small AND TextureDiff Is Small AND CollorDiff' Is Small THEN Grow

IF AreaIs Small AND TextureDiff Is Small AND CollorDiff Is Small THEN ProbablyGrow
IF AreaIs Large AND TextureDiff Is SoLarge AND CollorDiff Is SoLargel THEN NotGrow
IF Areals Large AND TextureDiff Is Big AND CollorDiff Is Big THEN ProbablyNotGrow
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Structural Components
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Height(meter) Shape
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Textural Components Spectral Components
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Membershlp function of Membershlp functlon of
Texture GreenColor

Some Sample Rules:

oIF Texture is Regular AND Relief is SoRegular AND
Height is SoHigh AND Area is SoLarge THEN Object is
Building

oIF Texture is Irregular AND Relief is Regular AND
Height is High AND Area is Large AND Shape is
NotStretched THEN Object is ProbablyBuilding

oIF Texture is Very Irregular AND Relief is Very Irregular
AND Green Color is Deep AND Height is Medium AND
Area is Small THEN Object is Tree

oIF Texture is Regular AND Green Color is Light AND
Height is Large THEN Object is ProbablyNot Tree
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1. point operation (histogram modification :Jlis)

2. neighbourhood operation (convolution, classification,...)

3. morphological operation
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