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\ Airborne Laser Scanner

v Terrestrial Laser Scanner
v Mobile Laser Scanner
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v Wavelet

v Intensity
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\ Iterative Closest Point
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v Rodrigues Matrix
¥ 2.5D Height Field
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\ Ground & non-ground filtering

v Cloth Filter Simulation
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Input: AFHOG, TFHOG, k, LA //‘k’ is the parameter of k-nearest neighbor classification and ‘LA’

is the label set of CAPC point clouds//

Output: LT ={LT,,i=12,...n;} //thelabel of the it-th member of the TPCis ‘LT, *//

1 Forit=1 to n; do
2 For j=1 to 4 do
3

4

5 End For

6 EndFor

7

8

9

End For

For each descriptor vector of AFHOG do // there are ‘4* n,’ descriptor vector in AFHOG//
Calculate “d; (AFHOG;, (TFHOG;,) ;)" // “d'is the distance operator and i=1to4n, [/

Compute set ‘I;; " containing LA indices of the ‘4’ smallest distance ‘d;;’

L, < Return majority label for {LA;, where sel;}

Sl @iy a8 oslinal [¥Y]) Slgis
UTMY ouls pgual Slaiss gl ;0 2lo bl
SaSly b JeeS akis VF sl ) ool b
Aol jshiedy condy ©)ge wihie 0 b
L (Soloor Sy abali jo sl calse Lyl o 5y
abhdi o lhwgie alold ol oy e alad VO Slaw
b bl 5 o, acubre (3l Soloon bl 4 caces
Syl ply 90 odle ay lawgio alols 5l i Jolsd
Llispl o515 waps)S Bd> ng plye 4 Gl
Gisu 50 8BPS/M? ply pe Bis 5l w2l
bgi 5 ey Bl w3 sl e Jlgen

\ Agisoft Photoscan
v Universal Transverse Mercator

@S 2Lyl g silwesly -¥

390 sloools dsgeze (Byme 5l i Gl 5
Gz e 5l S o (g jluonly (SisKa ol
el 000 5 &l o g slwonly ol zls 4

oolawl 0,50 sRooIs —)-¥

@ OlRhEsS RS dee> )3 b pS e adlate Sy
ey Silwosly ez Glllae il lgie
U"‘ )‘ ol A OJ‘QA.CM FW) ul.?t.u‘ ‘50'.@‘*“..)
Oizmen g Lo pgal (oloa abalipl S0 ol adhaie
Cov odgamme [, Lawyid  (Jpey aladipl VY olaws
OL..Q‘) uju .\....Jl.‘u’_o @‘9.&'& ool 4.1....».09.: U’“‘"“'?”
Canon <SG e jué (o098 (ry9° 4 Hexe Slgndges
, Sllas dihie j glas 331 ai by EOS M3

MRy 5l byl adg lp 5 ol eney



http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

P Cod o A 5l g Aol b bl ¢ e
5 Slhe ailaio . B0ys )5 Bi> Sl Ha 5l sl
WL‘M (V)Ji.._, B oslazul Sy90 LgL:booL) A goxo

sl 00 00l

(<)

(o)
bl (09 (8 (g Loy guai (led bl pl (0. Flllao allaio B yro (A Gudixi’ §0 ooliiw] 880 sB0SIS dcgoxo Y JSi

S0 Slelbl (59ld | wdigo — pole oy ks

11299 yliwoj @ o lg> 6 lost @ pides Jlw

“gen 5l 5 wad oy RIEGL LMS-Z420i iS50
oy S Bl Ol by (SeSeols aiss
Slaggly SeSwam 00,55 eolitl il (5legz
oS e 00247l sSuld s
bls syl tele gileools jelie &4 uomen

UTM Zose 39N

(3) @

Aiged (Fano

WalS slacaadse slaws uali8l (Ng 2SS olel
solome blas 5,90 y0 a5 clls anlgs o jo 1) el
olal diwd o2 4 Cod b SIS gl

3 eiBu ol Caws 3l jomie Wilg oo 5 QT Syp
5 Sl pd oBiws haiul ) aST 08 5 ol

bl pl 51 9yl olgn bl sla ol adgy Y-

<o
Ll 50,5 pgad @b 5l Ll 0,0l glecoadse
50 Al G o 2ler bl 5l ead SIS o

...\3.);‘59 9o ‘NgXNg ol b r‘,.'a...a S


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

-erg20 G0 bl (Lo ol (uloslz (sl = (29 gy

UlySos g HSLEL ool

Orzeed (WHA) s o Gulei |y olee bl il 5o
(A JSo jo jhanal wails bles glolis asxs

sl 00 o0ly o led

Yim)

ey b o 1) ol o515 b slaled las oge
CoedleS o ,lisls & QT Sl 4 g ey Cew
Ll glsie @ 1, SasS cloglis, Bds 5 sk
~0503] bl ol Gaiod (o oS olulid o
b and F I s e Yol Ry e c gy o
5 "9l maie gla Shy Bl plae bl
-p,8 g slaasbinlas ) colaiwl b s 5 4 "GI"
ol s e S8 bl ple sl thg sty slw
L «sosys blis gl 5 plaS o b coslite dacilinlas
SR pl S g5y » e eole (g, Jlesl
e by, o) oo drlime abgyye Sy nolie
Pl s 5l albislas ale jo )L Gdsl sl
b gy ol o s wll Y] G s plas

\ Triangle Method

<8 p Ny olul Sl pwyp jslaie 4 0)ld 342 o]
F XN Jels) Ny 5l calises mhaw g o oleil>
ad,5 e ool gy bl 0 G Vo5 0
oind 3l Gy bl SIS azss (M) S5t o

D)
(Ng = 5mM) ,f il sy b5 glocanbge zl ol (0) o olep LU pl 55 ool 9 Loy b S5 () A JSC

2l 30 095 90 svose vl e LWLl -Y-Y
Wwuils olep LSl g (S b

2 6‘)* “gs“jlé“ 9 "Gl "'@BIU]“ R Glﬁg;}l?
ey a0 ahi ol glees o 3S05 Kea s Ker
oS5 WYl B o515 L cwls o el
55 B 0550 (Sileon 0l 485 L5 50 Ll L
S Sy iy e e 85 ST Sy
Slade 00,5 obl dais o CuiS e 4 Ry, clad 4
lwg ohg bla G,L»L...» 30 sode il Ry, 5L~.‘b
oo ol Sy polie oyls e glis,l B
e ).laJ 3,90 alass ‘5‘)J (_gy.a.m.u“ o).’j Ll LgsLMJL..MJ
20,5 55 wly blas 2y Jolds wilgs o asdl as 04
slajizle Sy 0ph cow 58 ol a8 polie


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

5 CAPC acgomo blapl slp th,, =0.06) o
Solas ol (TPC acgame blispl (oly thy, =0.03
Slracgame Glp ool 8,9l albnlos Jlade o
o e l> o lgi e |y TPC 3 CAPC
Dy yeedl by g Lospigal LR cwaie
S doe gl ] MBS 054 bl cosSTas asbiwlos
RuzaS w8 olas 0.7Ry, plp (225 &0 @
el Sl aibu o 59,5 Soleon glad
oy bl SIS s (VIS abboo e
&2 5 ey blis ol diges Sy 61y 1, Gl g 09,51
A3 o Gulad abg e sl Teiuns ol en 4 wuilS

(Y-

Y-<)

-2

S0 Slelbl (59ld | wdigo — pole oy ks

11299 yliwoj @ o lg> 6 lost @ pides Jlw

Sletl b ol alads 0y 5590 g (Ald) i alads oy
IR U SOOI SN
wlwlos Olgie 4y 0ad g i a3l alold oy iy
bl S5 0 thy, alislos 0gd oo 4185 La jo
ubj’[ﬁjb 6‘)) Jg.d JJ[B S>> OAHSUHJU ‘:'50515”0).'5
oy olore 4 aladi (g idnn lass &S lie cawthy,
@lolid pae o 35 ol Gl SoeS polie pelass
olal & g0 4 bl pl acgaze g0 0 5l ailinlo>
n, u,\)j)).\ 9 ul.?L»." Lo » (':9‘5 alad; Vo olows
4,5 b o albelas e a4 bl opl 4 b e

l- ':".
o LAt
L % o
BV
" "«%
' 3 ’j
V-o)
B R L
g3 -
s ok~ .,‘_' ~ t,‘. E .
B "ol g .
“u e 2


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

cergH20 0 ) bLas (5l il (plosls §l s g gy

UlySos g HSLEL ool

(Y-2)

r a » i 5 o
o)
k.Y *"Hb-

K=

(-9)

bl pl cad 7 a0 50 (Y-0) g (Y-&N) bl w3 L@i 0SS SUSA PHEI RS 9 (V-0) g (\-&ll) gﬁ.ﬁ)""T og blai A i
g A g0 (Y-9) 9 (Y—C) bl )g.Lw )| LQJT eSS4 abwlos 9 (Y-9) ) (\—C) Gl 37 bl .4 god o) 9 @‘,‘b

Aige Py 9 (olgp LU

oig bl lgie 4y bls 3L 5 Bi> Ll acgame

-0 9 V=) 4 JS8) Wil e |y Gl (S g-aiss Gl
Ll pl 5l oy bl SLSas guls s Vo S (O

Sy 90 5l eoliinl b1y diges uailS Llgn g g
DS 5 (=5 V=il Ve slasy) (o

et (P 51200 V- slaSs) e )
.«.\hé‘sa

(Y-o)

Spg i b bla ‘gs&ﬁ);ﬂ Shae 51 oolannl b
slaplSysa  Slubwe abvlas I 5SeS
bl acgaze 5 (- g Y-dall) & JS5) abgs e
49 ‘55):.31 opg bl flae @ bla plu ¢ Bd>
JS8) aiS o &S jline 09,51 (Shyasd el
Gl JLao 5l oslitl b pymizan (V- g V-call) @
Slwle albivlax 5l 38,5 (Shy Jlde 3l bl
=2 5 Yop) & JS8) abgrye lapl S gincn

SR = Y L
! .J.“ e
¥ —~ i
| Vidaa RN I
- 2 d >
& - £
\~._.
(V-1
V-o)

lxo gL ) M 0359 bl (Y- Al) digos Lo ) bl pl g (V- AN) digus 31gp bl pl 51 & yokcumn 03l8 0319 blis Ve S
(Y-0) digod (po) bl pl g (1-0) Wiged (1lgp b pl 51 &y

19


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

ok 2 omb ghe slase 5l Guzes
o oS eolatul Uy ab oy 0 c-4<k<4
b Shsasd o gl FHOG Saios ooy

S0 Slelbl (59ld | wdigo — pole oy ks

11299 yliwoj @ o lg> 6 lost @ pides Jlw

bl pl oy led o 5 59— s o gh - F-Y
F-HOG (yl90 3| Jwmo yKouogi jl coliswl b

sla Shyais 5| F-HOG Sy gl sunl cua
il o s 4 e gy B pl o sl eadady

(fy me{01234) aso,5 oolinul fy a6

OF GLGUSI,S 5 (53959 diged (5 39— ddadls

& sslsin

Gx

G,

(1015 Sigosla asly qulgi (pabglgils 5l ool b glawsUs (slo )Kipogi wilsi

Uro*Fy

Uz *H Usy *F,

Sl glo yKinogi 3l onid dlgi (1led 01199 31 Jis (5o Rhnogi (o> 2
0999 31 Jiius Sapogi S (ylg o0 ©glite ;Shnogi 95 S i 3l (Pl (Sl pib cooni (A
S Riwogi 3 (o5 1 (g ol 3] 599 5 St &5 [ Ripogi SO e (@094 dpwlxo
Sowd 4590 31 o a5 glausl

@)

Uypg*Fy) wloas ools il clagml cla Siposs
osnge Cuamd ialas g (Ugp*Fy 5 Up * Ry
3z g Coles ol oals Jaid o Lyl
olse @ Wl e 5l Ol 5l JEee sl Sapogs
G ey lend gl il F-HOG gl Saogs
£5 w50 5l digel S (g g D) s VS0

sl 005 ool Ligles F-HOG jSipogs cilises

(@)
e o548 S 5l FHOG (sla v adyy sl 3 1) S

Po

(adh)

F-HOG Sinog adg anlp jl gluiges (V1) IS5
e 3 SlaplolS s land el oS |,
- S5 el 5 mpal GOLS 5l By avbrs
L byl agdels 5l eolaiwl b oyl 5l slasb slo
sy Bl g Ujpe slonh Ssejle al &y
SloTis cal 3 FFHOG olyso 5l Jits Sivoss
Olled diged (Fhgatss o @l |y sblioe lal
ol ) diges an Bl Ceend S cpl j0 000 e


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

cergH20 0 ) bLas (5l il (plosls §l s g gy

UlySos g HSLEL ool

55 CAPC acgozmo 3l abaii pl G 4 coniin 590!
Sz plply Al Saog Sz 5l JSise
3 TPC bl syl 5l plas 12 olp blos 8L
ez b bl 6)-:56?) )b Jkz CAPC acgazes
-ools lare &) TPC bl sla pl 51 G 0 Kooy
ASlas 4 e e 0 aS Sl pll LB ‘(Qs.oﬂ sl
Ages ko) el ools oo luod Hlox> olass
ailo 2929 Wlgige (LS ;8 ;0 d9290 (Shjgal
ol =4 gl ol 3 clals ik

ol ol (Bxe (VT)SS jo Jolsd .y

bl pl jo Fuo) b b ol Sl -0-Y
Sloo giadnb 2b,BLG jleslaiwl b 2lge
Wils olgp blisle pl g (Lo blis !

AS (oo Gt Kl )l ke Sy, 4 ganaids jo
03l8 1B i p Cpad 4O (90l Aiges Slaws ax aS
Ot 58 s 0 alols £g5 anil ails cJBo (eejl
o Alolh (0335 5 (591 aigai K plaS Ayl
2 sl o)l Sl cas wiloads @8l 905 eols 4
@ Saos > TPC acgemme bl syl 5l plas
OIS 2 (b s sgzs seil slaesls e

Distance Equation
Euclidean d= (X=X )X:=Xr)
n
City Block d =3 |y - Xy
Chebychev d =max X, —X}-.F
XoXgp

Cosine d=1- Chist | .

Neereylec ey

Correlation

(Xs - X)Xy - Xg)'

d=1-
J;_‘X_? - X X 5 _XE,"?’]ILX}' —-Xr X=X

A0y = Xg)n (@ 20) o Xy 2 0)

faccard #(Xy = 0w Xg =0)]
Hamming d=#Xg=Xgp)'n)
(rs —Fs )y —7r)
d=1- — _r'_): L f‘:rf _ — where
Jrs —Fe) s — 7o) W frr — Fr) 6 —Fr)
ry Is the rank of X g takenover Xy;, Xp; ., Xy,
Spearm J
e and 75 =13 = O gy
e
i +1)
Fr = — e =
r HZ - 2

abgs o dulgy g k-nn gasuainb 1o oolisiw! 090 alold glgil Y JSCi

Pl



http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

Ll slapl 5l plaS o glp ool casay olel>
"o oLl il b Gl (S G5 & (e
Sl SThe gl ead (g S ojll CuaBse b anily
bsgie wineS lidon @l 00 S aglie iS5
) ol sl oo drlome (slocdis] Lore Bl ool 4
Ny ol gsluains iz mhw @y o )l il
slcadse Giole ool oad 03,91 (V) Jgam o
S5y 2 ey Ol VY gl enal ceny ploile
el o 00l s (VPSS o lsn bl

Cds oS Cewl cpl ko (V) Jsaz 0 70 @b
L el (lga LRI ) (e bl pl oleil>
Bl Lol al o 50 odd oy SuSi5 a3
Bl e e ez 3l e alols .l | il suils
bl cds 5 gl ).UL» Jes yo lhaial wails
WS ahdi g8 o a5 Jhee j0 Aly yo ol
e piycel) JBle o Oolds glxe i
9 Ol o Sz Sels g8 ganadb s wals
3>l G slhs G p Bl g Sudls walyss a9
Bl 51 il il bl gl sl S & a3
3 Bae Al 4 4z L cuils walss 0y olga
Sy lgp blpl 50 ey Loyl oleil>
-l e L..»Lg,» g 00l 98y S jlive 03gazme (04!
Wil o S i o3gaze (pl 4 axgi b Ll g5l
Gilwdinns o ;o sdelcisyy sl slbcds
acgare 30 ilwladiye B 4 39,9 e ez
Sy oo ylas 4y (SIS wosls

Py

S0 Slelbl (59ld | wdigo — pole oy ks

11299 yliwoj @ o lg> 6 lost @ pides Jlw

Sy 3 ODUSE o eab e Jolp o
Winge aol go8 o S ) blite oo lel
Sl IS 51 plas’ o S oS Sepnas .90 5 ol
Ogeyl eols Ve g iigel diges LAr a Lbjgel
L ok-nn sosS gomails  higel 0,5 S
losls 5l 5 0 plmil 3ge] ladigas 3 oslia
29,5 oolanwl ganail cds bl cas el
O 50 blae o liel abbgy o zlis (V) S
uLMa) oolawl S)90 J.‘a‘j.‘é ‘5‘).3 |) A alols )lﬂ.sm
alold g cin muw)liel b anlie s
"o 0L (OF) JS8) pole Beiod o (53] 050
;) Cosine 4 Correlation Spearman slaalols aos
gl plo & Cunsd VL Cilye 4 gunanl cds
alols aws ol @8ly 5o 3l 9% (93] 3590 Jolsd
3 g e alie slo,lisln Glhls cesgie Ll 4
oy yho sga> o olks Spearman alols Ll oy
4, spearman el s oyl ganarb ol
Gamdids o ¢ wl Ol dige alold Jlso 4leie

d,5 13 oolaiwl 850 yol> iz K-NN
s Bl 1l b o Bliisle ol oo o105
35515 b Jolos metins f &j50 4 (g o 1) uilS
3 ey SLoSl GG e 3 pe (B CuaBge
o ol A e cpl o adly o cadly glse bl
Gomaes Jal el aw igilelage sl el
s Sy &Sy b byl l plaS e sl
Glp oaband § las o SIS &,a8 coguze 4O
@bl Sz soleiin gy B b)) e
Wkt o Sl il Se Sl
e 3yl G pSlypd il ol
T CYSEL TRV S S P SIRY ey Slaike

\ Cross-validation


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

-erg20 G0 bl (Lo ol (uloslz (sl = (29 gy

UlySos g HSLEL ool

0.6
0.5 - o
0.4 .’
0.3 /I
0.2 / - | - Classification
/
01 . Error
0o lm-BTH
0“(\ ‘\ 0(./ \(\% &6‘ \‘\Qﬂ
' & ‘e\@\ C}’% \\6 dq,\ 0{{\«\ o ‘oﬂ
SUY ¢ W ¥

Alold £lgil 3l ooliswl b k-nn bsy & goudiinb 55 Jlike sz kel CB5 ¢yl s Uio gl VY JSUs

lep bl pl 53 S b oSawl 61y ool Cawsy g loils scuaBso hules NP b

SBle (oo ooyl 35T 50 g ookl Comay )yl Wy Al acardso (o (Flrhimme Cardgo SIS | g lis 1) Jgu

N () (50) (53 lxbamno il purc
g (M .
Ao Koo bwgio sl GBI il
Y,& D/A\ \,D\“ V/Y’ \/YY‘
¥ 5,44 \ VY ¥ 50 VY
¥ Y YyY Y4 114
A \'/?V Y/V\ ?pV \,‘\&
V \f/‘v; \C,DA V/&\ Y,V~
PP



http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

F-HOG (]9 5| Jais slo Sarogi o 5 05,5
alie olsl jo o gl el Shgaiss ,»
bl gyl b ey b slopl gl 2B
slad o k-nn ganasl S LB o wunls Slse
ol yo b paible F-HOG sl Savoys
S e ey bl alaS e gunail
e «ailS olgr blagle ol L bl gl WS
Rl Caadae SO p0 (e abiipl o ol @
23,5 WS G TL bl il

ol pole o eolpiing by, 4o ol Pl 4SS
39000, 5 oo >l ools dcgomme 90 ;0 sl Jauw
6wa)u » W sl ol G&n‘ LT o8
Azl as aloddl gl iy s> olee bl pl 5l & s
DY) (e 3,18 04> 1 e sLmoold
SSe b ey B sla ! 5l oS o b LU
2l 0)ls 8g2g c0a sl asbulis 5l colai il
CBo aS ol s golgiinn by, oy b))
=l i olee bl pl o haiul wals sle
e g dga > 50 gleil> CBs (6l SIS
bl pl jo cowe) blaipl ol cwl olows LB
40 09)9 St (2l o iz b (sl Sge
A (B eols acgemme 90 (pl (gilwdad e anl,8
ey ahaipl S0 ol 5l e @l o (o0
95 Sl 2lgp abalipl )3 WhieSsS 5 (o
90 Ot oudsdn]las LS'P Ew 6“‘-\-"5) ‘u,..:L..a.mj)).‘
Syg— ) w2lsp 5 (o) LRI silelas o ogas
S dadlem >l LB 55 Slecsls s

P

S0 Slelbl (59ld | wdigo — pole oy ks

11299 yliwoj @ o lg> 6 lost @ pides Jlw

G5 ez -F

Sl paim oleils Cqa (pg ooy, Alie ol o
@9 lheS )5 5 (6l abalipl G50 (o)
AE SO Glais @ g oo |y e () el 0als a8l
SlaSle 5 Jol5 idigy SO angd sbewly jo ol
sl 5 ey slalle 36 Lot Bble
ssSw 5l Jols byl a5 ol sged obj)]
w4 Sl 5 5l Ygans o) 5 2loe
P Npee @) Pilse S8 zohe 5 (Sl zske
S5 Glwdad o 4y pladl Jolaie sla g, dbiwl, oyl
2 wileio 2l s gy abBpl 9o So
O s Cawged L.))m oald g0 a5 qul)u
S ey Bl &S my slaulide 550 55 (59,
W55 52 G 5 S i g 5 o] uoia
S Candse o Gligen lie s ) Ludgame
spe Py lrosls 3 slaolKi] L bLSl
rlple ol w5 wlgoed Wishioe (5]
Lyl o S 5 e ey blEG ol
Fie el S plsie a4 Gl oo 1) ol olom
Dged Sleld £o.550 (pl 5l

B p e ooleiin by, oekie onl sl
et i Lo anlie 4 SO L sz alie dles
3 Gl gezo olxm! Cgm (i, Luwly fren jo all
O S as al Al wals plee aadipl o
S el len byl 5l Llecasdse slolis
azils g2g Ll yo Sl olSiss il Lz
alio o QB e dlae 2o ,bSle 5 g a3l
abiipl jo ey bliiglenl plelr wir b sax
Ll slapl b ol bl allis G QB o lsn
b mo il uls s bl slol b e
@9 5 oy lrosls plee Guiles (il jsliis 4
o2 (S sl ol esliinl b ol BLS Wy, 50
slatsle e b Shyard wadolLb
adgi oolddcgeme g0 abhdigl o lpy el


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

cerg20 G0 j bl (5l il (plosle 5l g gy

[1]

[2]

[3]

[4]

[]

[6]

[7]

[8]

[]

UlySos g HSLEL ool

P. Musialski, P. Wonka, D.G. Aliaga, M.
Wimmer, L. van Gool, and W. Purgathofer,
“A Survey of Urban Reconstruction”,
Computer Graphics Forum, 32, 146-177,
2013.

B. Yang, Y. Zang, Z. Dong, and R. Huang,
“An automated method to register airborne
and terrestrial laser scanning point
clouds”, ISPRS Journal of Photogrammetry
and Remote Sensing, 109, 62-76, 2015.

J. Lee, K. Yu, and A.F. Habib, “Adjustment
of discrepancies between LIDAR data strips
using linear features”, IEEE Geoscience
and Remote Sensing Letters, 4, 475-479,
2007.

M. Favalli, A. Fornaciai, and M.T.
Pareschi, “LIDAR strip  adjustment:
application to volcanic areas”,

Geomorphology, 2009.

J.Y. Han, N.H. Perng, and H.J. Chen,
“LiDAR point cloud registration by image
detection technique”, IEEE Geoscience and
Remote Sensing Letters, 10, 746-750, 2013.

J. Skaloud, and D. Lichti, “Rigorous
approach to bore-sight self-calibration in
airborne laser scanning”, ISPRS Journal of
Photogrammetry and Remote Sensing, 61
(1), 47-59, 2006.

C. Brenner, C. Dold, and N. Ripperda,
“Coarse orientation of terrestrial laser
scans in urban environments”, ISPRS
journal of photogrammetry and remote
sensing, 63 (1), 4-18, 2008.

Z. Kang, J. Li, L. Zhang, Q. Zhao, and S.
Zlatanova, “Automatic Registration of
Terrestrial Laser Scanning Point Clouds
using Panoramic Reflectance Images”,

Sensors, 9, 2621-2646, 2009.

P. Theiler, and K. Schindler, “Automatic
registration of terrestrial laser scanner
point clouds using natural planar
surfaces”, ISPRS Annals of
Photogrammetry, Remote Sensing and
Spatial Information Sciences, 39(3), 86-91,

[gA)

&=l
2012.

[10]1B. Yang, and Y. Zang, “Automated
registration of dense terrestrial laser-
scanning point clouds using curves”,
ISPRS Journal of Photogrammetry and
Remote Sensing, 95, 109-121, 2014.

[11]P.J. Besl, and N.D. McKay, “A Method for
Registration of 3-D Shapes. IEEE Trans. on
Pattern Analysis and Machine
Intelligence”, Los Alamitos, CA, USA:
IEEE Computer Society, 14 (2), 239-256,
1992,

[12]Y. Chen, and G. Medioni, “Object
modelling by registration of multiple range
images”, Image and Vision Computing, 10
(3), 145-155, 1992.

[13]L. Cheng, L. Tong, M. Li, and Y. Liu,
“Semi-Automatic Registration of Airborne
and Terrestrial Laser Scanning Data Using
Building Corner Matching with Boundaries
as Reliability Check”, Remote Sensing, 5,
6260-6283, 2013.

[14]L. Cheng, L. Tong, Y. Wu, Y. Chen, and M.
Li, “Shiftable Leading Point Method for
High Accuracy Registration of Airborne
and Terrestrial LiDAR Data”, Remote
Sensing, 7, 1915-1936, 2015.

[15]M. Kedzierski, and A. Fryskowska,
“Terrestrial and Aerial Laser Scanning
Data Integration Using Wavelet Analysis
for the Purpose of 3D Building Modeling”,
Sensors, 14, 12070-12092, 2014.

[16]A. Baghani, M.J. Valadan Zoej, and M.
Mokhtarzade, *“ Automatic hierarchical
registration of aerial and terrestrial image-
based point clouds”, European Journal of
Remote Sensing, 51(1),436-456, 2018,
DOI: 10.1080/22797254.2018.1444946

[17]H. Wu, M. Scaioni, H. Li, N. Li, M. Lu, and
C. Liu, “Feature-constrained registration
of building point clouds acquired by
terrestrial and airborne laser scanners”,
Journal of Applied Remote Sensing,
8(1):083587(1)- 083587(22), 2014.


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

[18]W. Von Hansen, H. Gross, and U.
Thoennessen, “Line-based registration of
terrestrial and airborne LiDAR data”,
International Archives of the
Photogrammetry, Remote Sensing and
Spatial Information Sciences”, 37, 161—
166, 2008.

[19]L. Cheng, Y. Wu, L. Tong, Y. Chen, and M.
Li, “Hierarchical Registration Method for
Airborne and Vehicle LiDAR Point Cloud”,
Remote Sensing, 7, 13921-13944, 2015.

[20]T-A. Teo, and S-H, Huang, “Surface-Based
Registration of Airborne and Terrestrial
Mobile LiDAR Point Clouds”, Remote
Sensing, 6, 12686-12707, 2014.

[21]D. Novak, and K. Schindler, “Approximate
registration of point clouds with large scale
differences”, ISPRS Annals of the
Photogrammetry, Remote Sensing and
Spatial Information Science, 5, 211-216,
2013.

[22]W. Zhang, J. Qi, P. Wan, H. Wang, D. Xie,
X Wang and G. Yan, “An FEasy-to-Use
Airborne LiDAR Data Filtering Method
Based on Cloth Simulation”, Remote
Sensing, 8(6):501, 2016.

[23]N. Chehata, L. Guo, and C Mallet,
“dirborne LiDAR feature selection for
urban classification using random forests”,
International Archives of the
Photogrammetry, Remote Sensing and
Spatial Information Sciences, 39 (Part
3/wW8), 207-212, 2009.

[24]C. Mallet, F. Bretar, M. Roux, U. Soergel,
and C. Heipke, “Relevance assessment of
full-waveform lidar data for urban area
classification”, ISPRS  Journal  of
Photogrammetry and Remote Sensing,
66(6), 71-84, 2011.

[25]C.E. Shannon, ‘“Mathematical Theory of

Communication”, Bell System technical

Journal, 27, 379-423, 1948.
[26] B. Rodriguez-Cuenca, S. Garcia-Cortés, C.

4

S0 Olelbl (5,98 uwdago — ole oy puis

17919 U&MJOPJWOJMO@MJM

Ordoriez, and M.C. Alonso, “Automatic
Detection and Classification of Pole-Like
Objects in Urban Point Cloud Data Using
an Anomaly Detection Algorithm”, Remote
Sensing, 7(10):12680-12703, 2015.

[27] P. Polewski, A. Erickson, W. Yao, N.
Coops, P. Krzystek, and U. Stilla,
OBJECT-BASED COREGISTRATION OF
TERRESTRIAL PHOTOGRAMMETRIC
AND ALS POINT CLOUDS IN FORESTED
AREAS”, ISPRS Annals of
Photogrammetry, Remote Sensing and
Spatial Information Sciences, I11-3, 347-
354, 2016.

[28] N. Dalal, B. Triggs, "Histograms of
Oriented Gradients for Human Detection™,
IEEE Computer Society Conference on
Computer Vision and Pattern Recognition,
1(12), 886-893, 2005.

[29] K. Liu, H. Skibbe, T. Schmidt, T. Blein, K.
Palme, T. Brox, and O. Ronneberger,
“Rotation-Invariant HOG descriptors using
Fourier analysis in polar and spherical

coordinates,” International Journal of
Computer Vision, 106(3), 342-364, 2014.

[30] S. Ang, S. Xiaoliang, Z. Yuegiang, and Y.
Qifeng, "Efficient rotation-invariant
histogram of oriented gradient descriptors
for car detection in satellite images”, IET
Computer Vision, 10(7), 634 — 640, 2016.

[31] N.S. Altman, "An introduction to kernel
and  nearest-neighbor  nonparametric
regression”. The American Statistician, 46
(3), 175-185, 1992.

[32] Agisoft PhotoScan. (2017). Retrieved June
27, 2017 from http://www.agisoft.com/

[331 G.W. Zhack, and S.A. Latt, “Automatic
measurement of sister chromatid exchange
frequency”, 25(7), 741-753, 1977.


http://dx.doi.org/10.52547/jgit.8.4.1
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.1.7
http://jgit.kntu.ac.ir/article-1-551-en.html

Journal of Geospatial Information Technology
Vol.8 No.4, Winter 2021

K. N. TOOSI UNIVERSITY OF TECHNOLOGY

[ Downloaded from jgit.kntu.ac.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20089635.1399.8.4.1.7 ]

[ DOI: 10.52547/jgit.8.4.1]

FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

A novel method for locating the local terrestrial laser scans
in a global aerial point cloud

Amin Baghani *, Mohammad Javad Valadan Zoej 2, Mehdi Mokhtarzade 3

1- Photogrammetry PhD Student in Faculty of Geodesy and Geomatics Eng. K.N. Toosi University of Technology
2- Professor in Faculty of Geodesy and Geomatics Eng. K.N. Toosi University of Technology
3- Associated Professor in Faculty of Geodesy and Geomatics Eng. K.N. Toosi University of Technology

Abstract

In addition to the heterogeneity of aerial and terrestrial views, the small scale terrestrial point clouds are hardly
comparable with large scale and overhead aerial point clouds. A hierarchical method is proposed for automatic
locating of terrestrial scans in aerial point cloud. The proposed method begins with detecting the candidate
positions for the deployment of the terrestrial laser scanner in the aerial point cloud. After that, by simulating the
performance of the laser scanner, the visible portion of the aerial point cloud is detected and it is extracted as the
candidate deployment aerial point cloud. As a result, the problem of scan locating is converted to a
corresponding one between several local terrestrial point clouds and several local aerial point clouds. In order
to increase the comparability of these two datasets in the corresponding process, the main geometric structures
of each point cloud are extracted using four predesigned geometric feature indexes, and they are organized in
the form of four feature-maps of each point cloud. The feature-maps generated for each point cloud are
described by the rotation invariant Fourier-HOG descriptor. Afterward, the corresponding problem is structured
in the form of a k-nn classification among the classes established for these descriptors. Finally, the location of
each terrestrial scan is obtained based on the classification results. The evaluation results of the proposed
method on an urban dataset, showed an average accuracy of about 5 meters for locating the terrestrial scans in
aerial point cloud. The obtained accuracies seem to be sufficient to enter the process of registering the terrestrial
scans to the aerial point cloud.

Key words: point cloud, Registration, Classification, Corresponding, Laser scanner, UAV Photogrammetry.
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