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Figure 1. Three-Dimensional View of Point Clouds Obtained from Laser Scanner in the Studied Sections
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Figure 2. (a): A Tree Structure of Three-Dimensional Segementation in the OBS Algorithm (Lavrenov et al.,
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owd Gl j5d glaosls jo gy bla il gilulas o Octree oo gundslad o) L) VFY

3 adIS jo Laools L aidl g0l cuwnl slylo
J=5 Coro ol polie wils jlo,e5 s olows
aS S ppolie 5585 swpals 1 (G S
sloces 5l S0 OlsSen | 4355 cnl 5,000 5l sl
HOSSIN) & o p oo (pl j0 okl (ol Lol

(& Sulaiman, 2015

(F1 Score) F1 3Ll

ol eslaadlS g0 slagaiails o jlulaz o
o Lz polde g (e &wdS) Jol &DIS™ 5 o)LJ
hS Ol LS g 009 5 e 4dlS 95 50
o=l ST erlple gl AdlST SIS 50 v 65l
3l el 1955 2 (5 den Suenl 5l NS
= (Chicco et al., 2021) 59 oolaxl ol ]
Sl baiges Sl 15T Cod puiins jsbay o)L
o,lal oyl dsls (Tharwat, 2020) cosl 4dlS o
Sl VU o

2*TP

S L Y
2*TP + FP + FN ’

Balanced Accuracy (BA) ()l coxo
olie den alys olitwl 4y az g5 b o,lel oyl
o Comd Wlgi oo (Dlonlne )0 o ue 5 o
L LS plin (g0 o Shos F1 5Ll 3Ll
2SSl (bLas sloss Blsd a) pl ol slaawndls
e an aS ol V B o o e ojlel ol Al
Tharwat et al., ) ool 4l o o 9 o s ,Sko
Sloie a8 el Lt les o IS gbay (2017
Obts |y IS como 5l S (g lake wolal onl (ol
SlRU a5 (o sboel, 5l (S cnlplo s
S0y g alad Wlgh oo «(535,9 sodls ,o laauwdS
Coo g A Como slae bl 5l Jol> polie oo

Bb jlete

Y ik,

Balanced Accuracy = Lf_TP + ™
2 \TP+FN TN+FP

98] (21,8 (oo

el () 8 g (e bl ool 4o
od—bdgd g o B30 b Jol 55k 4 o o5l 512
A ala Fis b L oo ol b L)
S92y @l (i S 9 2L 2Ll sl 09>
o, Lol 5 5l eslaiul (De Diego et al., 2022) s ls
o)LJ > leslaul opl sl «(Powers, 2020)
dslie 5 a6 LIS 6,050 (6 Fmslie olFuyo
=3 byl am wlgie 5 9o oo alf L]
.(Hossin & Sulaiman, 2015) 595 ,oxie v ;65
= g ey bl ol ooz s Ghagh cnl )
sloo)lel Ly OBS o055 Sl gl 5l Jol> e
(O3l Como FL ol ( IS cos) Se5LsS
§ j9mrin (smmod o o dOU L 0,5l as Ll
SySbos 2lasyl 5o ooy collil jlas (LIS o
ol 3yl 95 1 bl ol (g5lulas slaei 55Xl
a2 ) laatal, jo Ll dculoe 845w 45 o
Sils e 5 TN 5 TP 5 slaalall, 5o ol oi
(s )04 A A (po e g o) 4 Bl LW
Bz o) 8 9 s Oyt i3-Sl Lo
§ S (o) 4 (Bl a5 el bl FP.asloauss
odds laz oy Glgrsan ol blay 1,63 lawgs
@ Blate a5 ol bl KLl FN pozen .ol
Olysan w oSl bawgs olettlay Lol el (e é
Sl oo (gilwlas e blas

5l el Ol gy 4o caboslaiul ‘_gL(bo)Lo"

Overall Accuracy (OA) IS cexo
by ciwpoa aS (blas s lolel oyl
Cwody bl 5 slaws oo glulas o )6l

.(Congalton, 1991) &1

Overall Accuracy = _ TP+TN \ dlal,
TP+FN+TN + FP '

Tl @S g0 gl G 0 a5 Jy90)0
Sasl s 0z 2 (o) e A pgo Al



VEY VOO B ATY oo VFY Ll o) 8 Le cemopils Jlo oyl SLISi ezl oyl [ alors

Gl 0L 550 50 L olel (pl (g3 ok ol
> O Slos A g0 ;o 0 cuiiS gunadl S
(Chicco et al., 2021) ol aisls
MCC =
(TP*TN ) —(FP*FN ) 5 dla,
J(TP+FP)(TP+FN)(TN +FP)(TN + FN)

(Kappa Coefficient) LI <o o
| (Cohen, 1960) ;y04-S lawgs 45 o Lol -y
Sdo |y Bolai g Slasl 58lgy il oo caw oalds
oSy laie (Delgado & Tibau, 2019) wus
) Ce jlade oy oe i 1) 6 Fe8 Bl LIS
baasyLid yao Hlade g JelS gudads sasmo L
el @l 39 (Bolal g o uiail 354
5 o5 6,5l sloany 5 jao 5l S lade
Chicco et al., ) cul lale Slls s gonai b
Jaie g b wgie 50l55 </ 3l idu e (2021
McHugh, ) aes oo las |y Jle @8lgs < /A 5l iy
(2012
Kk =

2*(TP*TN ) - (FP*FN)) & i,
(TP +FP)*(FP+TN)+(TP+FN)*(FN +TN)

odalin Y Ji.u 5o U‘5"<5" ‘) 9...a_>u 5 6‘)‘?‘ Xy,
0,5

Intersection over Union (loU) o,5> sl
5,Le1 L (I L Jaccard index) s,LSl> a3l
L ol =2ly jlacie L awdls G caliss yf5ee lOU
5 Jgloe slas Lol 51 Koo S5 o lel ol oS o )lo
Sl sl o b o sl iagsy )0 0,5 5
LLis pl o 0)lel (nl 098 0 Cgmine Froe 550k
=l ol S (3lk) Slbgren olse
Fmo (e S pdlie b g ain oo 1) Soably 5 o )65
pa—s &lii 2o (Cho, 2021) o ps co ol V s

Sl Jol5” By b bl glmods V g calids

loU orJI:L ¥ dlal,
TP+ FP+FN ’

Matthews Correlation jg—o Soiwwod u yd
Coefficient (MCC)

VAVD o ) oo sl dawss o )lol iyl

it S5 1 Sk 9 (Matthews, 1975) ol 3 e
Jade ) cse U)o db bcwl 6 0
] bjL_a.:‘ @Lu 9 C.._z.ol.: ‘_g..\...m.a...]a E.A.z_mool..i;.;
L)"‘_’ J_clf ‘_g)lf)L_mL: émoum ).u \ ‘SQ-A-Q )‘s.\.a.o
L LS alSim oylal oyl o] ol 5 gopailo

(s Sl 3 olras b Slae 2ls
Field Data Collection Using a Handheld Laser Scanner

Preparing Reference Data from Raw Handheld Laser Scanner Data

s Sl 3 ol claosls §) gz pe slaosls g

OBS 2,501 5l oolizal b ia o 3 (mmy blis il (g5l

Separating Ground and Non-Ground Points Using the OBS Algorithm

S ol adlge s
Modifying the Voxel Size

(i o) w28 S sl
Evaluating Algorithm Performance (Accuracy Assessment)

S slel adlge agy polie o
Determining Optimal Values for Voxel Size

Seoi sbes Wy, Y IS
Figure 3. The Flowchart of the Applied Methodology




owd Gl j5d glaosls jo gy bla il gilulas o Octree oo gundslad o) L) YFo

bla i oilvlas Caway 10,651 o Slos o3
Jol gl ccaSlo ol i3l b .cd, vale> oy
sgbdn g 485 alold gz pe b 5l LIS (g5lulax
sglulaz den (g0 lo YY BVO 650 0 IS
sbh 5 039 guo i )ofl awg (e e LS
e (- eS Gy pe LU (g3lulaz 5o o 65!
w@alge olal ol 8l o5l cpl 5l am Jg g aalss
sy g bLE 9wl oo el o650 5 Slos
Olized Lol 10 S oo )13 (e (i 5o eliblay
Ngdso Sl (o) b plsiea S Pl den
Aloads gilwlar o g0l

Aty polie 5l slosl b e 4y olitws jslareas
e o oy )5S0 0, S 9,18 2y 350 ddl5e
Coo 5 2l sleosbl vy ailie (il s
RUIIN PR W CN A A T L OW ISR L S W IR S ow
VWL A g 0ad oy o ool o IS ol dan (o
ol hdais sla o5 L o il YY B VO
VY L5500 wd olo assl gillas .l oo ools
los 5l colSs o)lel oo sasalS o (5 o S5l
5 el A jlade 43 99,5 81 o o y5SU aS 5l
B9y ht 099 S B Sy o2 )5Sl 5 Sles
5,lal Jlaso o Gld 38 6y il YY LVO 650 50
oS- nolie 5l slojl sasmslas 1Kol (oL
S5 395 1y gy - Shat 35S 45
S rn sl YO ddlse Jlade 5l la S0 (] jo .00 oo
S ySlos v )5 0Ly e L (olST (yogen) Sins 4y
bt aag b vss e ol ) (Jod JB e
85 ;e a5 8l o e o Zagdy edeliumsd
slsl polie o5 e claw YV U VO S0l pnd Ao
b (2D Slgs o 55 03l (nl (Seo5 50 S
s lid guls aioren e lid |y o2 165 5
P Sty et o o) (o &5 Sl
oolie Ol byl 00las ) v 68 S
P =l ale)ls s 0l Gl sl caSe sl
Sy 9aly> b BB LIS o3l

=g 5 () ooy by gjlulos 5l Jol> s
sleisn SIS& au OBS 12,951 L (0) (s
28 ysbar .l oals ools i ¥ SE jo aslllae
Ly Lo IS5 4 o aseiie) gy il 1Y b 4 dials
ABSISE (o) ;o 9 (Foey b ((Jelataw 08
Ot yeS caz o lmodls b dnlie ;o 0,65l by
Olsise BUSS Aen gy b gyonl 5hesls | alolé
o ye8dl 0 Slas £9,0 basmoylis o5l ol as cdl o
Ly ) LS o gl g o5l Coansty
Al Ceand o a5 085wl (g e USS (o 2
)5 g sy LI s3lulaa laSs (2s
roilos YY B V0 855000 5 o slasl ypni |
S5 slaw o(Judaie 05 L o IS j0 0uds aseine)
bowg ey L lsica ca i gjlulos bLa
bl plyiedn (fmw ot 45 (bLis Ao g oo 55
gy b 0 az e bl aileads gilulas s
(e el o0 ¥ Lo 5 508 55, ) La3) o0,
e &S (bl o3 (il o lojen | s
L)oo S Jw gz e b Cooway Wloas g5lulos
g Sl oo ol T L asalol 1o g (e S5, 40 ¥
sl glls s eals gilvlas LG IS yioren
L laie ol 5o e nl SLASS Coisay
L o950 e low VY51 o adlge slasl (]
Ol 81 L g oas azlse ()51 i) (Sig3dl (sl
o3l Wloals (gslulas olail a5 blis ccuaSe ol
=t bla g (asly  —ali8l aig) ) das) ol asl
Gilwlas ey bl lgrcan ol il 1) )
s e Sty 45 (BUE olioman U S e
S 4 03k Gl sl aleads (gilulaz 5 03 ls Bl e
el plp @z o plie b g i (e
= bl gilule b IS0 o Cwad o
Sibelaz 6 e Bl VW B A 85k (les 0 58 (s
Oy iy a2y bl Jn 5 a2 oSl langy bolas
o=l e as aldl o g e cplplo g o)l |y Soop



\ig VOO LYY dmio N FY o) 6l ceaopls Jlo ool pl SWS cremol o)) JSim dle
22000000 22000000
() ) iz D DRREES
£ Section 1 (b) Section 1 (a)
‘S 16000000 16000000
3 T e T — 13241490
> 6 - - TS s So==F 0 T 13384999
% 5 10000000 10000000
o]
g
Z 4000000 4000000
1 4 7 10 13 16 19 22 25 50200 1 4 7 101316 19 22 25 50200
22000000 s 22000000 : :
@ <=.»>' o (wJ‘_) Y s
- 16000000 Section 2 (b) 16000000 Section 2 (a)
3 0
A 1051975 S = 19987063
;3  + 10000000 10000000
S L T R
O
IS
= 4000000 4000000
1 4 7 10 13 16 19 22 25 50200 1 4 7 10 13 16 19 22 25 50200
22000000 22000000
@ (DY s (Gl ¥ i
[ . .
S Section 3 (b) Section 3 (a)
3 416000000 16000000
; 4 —— 1201552
3 élooooooo 10000000 —=="e= = 11216468
>
< 4000000 4000000
1 4 7 10 13 16 19 22 25 50 200 1 4 7 10 13 16 19 22 25 50200
22000000 — 22000000
(COHRRE= (@) ¥ sy
[72] . -
16000000 Section 4 (b) 16000000 Section 4 ()
3 o
> S10000000 10000000
35 . 7771841
g ------------
= 4000000 4000000 B— 6040670
1 4 7 10 13 16 19 22 25 50200 1 4 7 10 13 16 19 22 25 50 200
22000000 22000000
§%)
S 16000000 :
3 8 e :14042219 16000000 '16562569
-_— - T Emmemeeeeees !
;3?) 10000000 (O s 10000000 (Al & iz
= Section 5 (b) Section 5 ()
S 4000000 4000000
z 1 4 7 10 13 16 19 22 25 50 200

1

2 ---3

(o siilo) Sl olal adlho
Voxel Size (cm) it

b bshs gloial) (0) swey 8 b 5 (W) ooy B ilulaz 5 o] ;50 5 oS ol ddlge s -F IS0

as GIoLo.s Slass cJa.a...a L B0 L olaws o L ‘fb-:-l)ji” 6‘)-'." )| J..ol} AW ‘5)’L~.v‘..\.? Ll sloss ,o)s

Syp ol 5 VY polie S5 ol5 il olS slealy sl 0als (gilulas 120,68 lawyl oo g0

(320 oo las |y e 2ol VO-YY polis

Figure 4. Changes in the Voxel Size and Their Impact on the Ground Point (a) and Non-Ground Point (b)
Separation (Lines Legend: Red Line: Separated Points by the Algorithm, Green Line: Reference
Points, Dashed Line: Number of Points Correctly Separated by the Algorithm, Boxs Legend: Small
Box Represent Values From 9-12, and Large Box Represent VValues From 15-22 Centimeters.)

1 14 7 10 13216 19 22 25 50200

(o ilw) oS olal adlge
Voxel Size (cm)



owd Gl j5d glaosls jo gy bla il gilulas o Octree oo gundslad o) L)

VFY

0.9

“

0.7
<06
=

05
0.4

?} 0.9

~0.8
=07
0.5
0.4

Kappa Coefficient LIS s .5

MO~ A MO NOO A MmO oo

F1 Score F1 Ll

MO~ AMWOMNNSOD MWD O OO

Overall Accuracy JS <oxo

AMONDAMOND AN O OO

. AAdAdAdAdNNNT OO

Section 1 - Jgl iy Section 2 - pe & N
Section 3 - paw iz Section 4 - ke iy

Section 5 - iy iz
(Foo gil) S ol adlso
Voxel Size (cm)

0.9

0.7
0.6
0.5
0.4

MCC st (Kot o

TAMOON~NOODAMWOMNOO MWD O OO

1
0.9

0.8 %’—\
0.7
0.6
05
0.4

AOONMNODAMONOAM O OO

A A A A NNNT S 2

1 Balanced Accuracy yjlse oo

0.9
0.8
0.7
0.6
0.5
0.4

AOONOAMUONDAM O OO

A A A AN NN OO

Section 1 - Jgl i Section 2 - s> 3, N

Section 3 - paw sy Section 4 - p e iz

Section 5 - > yisw
(o silo) cunSe slal ailge
Voxel Size (cm)

5 i polie VO-YY uolie A-VY yolie ioely & o 5l Lol coanSe obal Ao s b o o501 5 Shas -0 S

(o sl YO
Figure 5. Algorithm Performance with the Changes in the VVoxel Size (Boxes from Left to Right: 9-12, 15-22,
and Values Greater than 25 Centimeters)

Lngo)Lo—‘ )_ild L» 0)‘9—"‘" Co o 9 JJ Coo
6)L~M£‘ SRY VLY O)LA—‘ 99 U_" ).’QLM soA.f:st)).g

s o jidu don 0 03l0, VOO ggeone

5 eolawl L OBS (o 6301 ob;,) polie oy
ooy ) 8 USE o miecons 5 b)) sl
61—"’°)L°" polie yoolw az o duslie jslaieds .oul



VFA VOO B ATY oo VFY Ll o) 8 Le cemopils Jlo oyl SLISi ezl oyl [ alors

1
0.98
0.96
0.94
_% 0.9
)
>
<
2
0.82
- LS o ye
MCC ~ jeaie Kappa
Coefficient

0.92
0.88
0.86
0.84

0.8

F1Score- F1 - . ilse como -5 cxo
Skl Balanced Overall
Accuracy Accuracy

B Section 1 &, a5 Section 2 g 5 M Section 3 au sy Section 4 4= iz Section 5 x4y is

(Evalution Metrics) b, sleo,L]

L‘:”b))‘ d‘Lbo).aT wLw‘)J L.)“"U FLIS OBS W"")?fﬂ .))S.Lo.c Cono )L.\.B.n u.:).uw.».: -7 JS.N
Figure 7. The Highest Obtained Accuracy of the OBS Algorithm in Each Section Based on Evaluation Metrics

30 wiloa i gadids sy bl lgiedy oliiilay
ol 4 | 5SS s sl s b Bl
ol ey pe LU e )5l a5 28l ,s g o
Ll 005 gilulas gy b lgieay oloilay |,
Lo jidu dad 0 o gl Glaciend mlo duglas
550 5l J—d @l jise o aS aas oo lid (O JS2)
Olpieds S oo i b (5 %0 il
W os ples yo Lo.ao g wiloads g3lwlas s
Syl Clsall sals o) e bl g5lulos
i (o) y BLE lyiedn ey bLE
YO 5 G S ol ol 8l L jebiyen
O 5 i d0ome (laiy 3 3929 wald e il
S8 g ) et b glulas o ol i3l
Sl Bllas .l fyny it yo bl ul yols
slwl ioli3l L as ccils jUaml lgs co 00 S5
Ao S0y g ol s blas Obesl Jdods S
a0 ol 50l (e e bl Sae 0%
30 iogh opl bl sl ools plaiz! ey (idu
s Jlacie a5 Conl &S5 pl Basmolid O S
YO o xS 153 5 ol o o )68 o ,Shes
o ) iy oo o i 5 el

S olal (o F S eS Clil b 28 e Uil

S ScaSe slaws Sees dlanlgas (o 55l s
S oS Sl (65 )18 st )3 9SS sS Sl L
5 ) BLE ;e Gilelazr aSe jo 40 L |
555 onl Jee yo Ll s &) 008G 5l (e 8
45 0,5 ag Geizinl Ol ) &0 (nl s
S o xS Sz sS oLl sl
bLi aS 093 o0 6 7SS (Jy i slacase
Aol Uy Ui ol aies oo gl 955 50 |, (6,2a8
ool pl ol cilad 3108 0S5l eS8l
) FSasp slocaSe auS oo (gnw L2 S 5o
blis (oS0035 5 6 =58 anazrgi b 5 s Sl
slacaSe DLl o Mos () b 5 (S
OLSwl aiz p sS4 Blate o5 0D walys
598 3525 7 LacaSe o )3 (e LS 3529
g oS 4 398 0 s Joo 0l S
sl asls bl gilwlas o owlin o, Slas
3 Gl ool oole lid ¥ STl jo a8 4568 Lo
2 GRegi slegisn s 0 o g Gl slacend
6ol e =8 LB (s 5 SzS sl



oGSl j5d glaosls jo gy bla il gilulas o Octree ) oo gundslad o) L) YFa

Jobas asiase s b)) S b Lol en
ol 538l e Sl 3 g, (sl ot
5V Jsiz o a5 psbples o)y Kz 5 rmb
LY Y gle i el oot by ) S
L oS aueals alie Lo (osb 359y
ol 005 oliad (e (55, B)l5e 5o 2ol
sl sl Adlge Ay jlade b i (nl sl
39 ol Cwddy yo Blw VA g VA N o sa
ts LS Sls Sy 5 45 F i
e (nl ¥V ooz 3 00855 (5)l5e ol jonay
O SiBu el Cwods o il VY adlge d g
e Somnd S0l (St g Ken Loy (ebans
30 ol kel peores Sl YUY gl o
e 39y altn 5 Ko Loy (250 (ol el den
Dl Cewdds e Bl V8 iSu cpl jo adlge A
ile Ay polde a5 o2)oS 2B (o) 2
5 slosl Sl s i sace SO Lsas 8,50
a8 ol i |y 02,5 S (gl ] (gl g polie
5 4oy o s Sl Batas s pase,
Sl jl dmole @bt s o] 5 99290 (5152
ths 5 (bt U F iy o e 2550
Ot L) S g adlhe g Jlade (S
SR SN NI RO INE
Ol lnlis 1953,5 eS| adlie Ay e
S ass Sl i b gl o il il
Sy Sless b (iblis g1y 5 a5 polie
i 6l 6l i ol ) eolitul Foudd
2 A4S W55 len (izrad g SalyS dide 1 55Kl
cilge olul ke Lial3El b ond eols plis O S
ey et BB el o iy 355 sl
Sls8 S 18 ey B o Lk a6t
Sysdes ez GiBu po Sl atine a5 jobles
Sl 5l 5 Bl 5Ll gyame 5l o)
S gz e e 4y wloads (gilulae (sl joay a5
L Lo idn ;500 5048 (Jy5—0)0 el S

u.:‘).»l_..: ¢« 09— ng""’gs"’l""" q )‘ ).NS.’?'?S OLu‘
5 pyel Gllas lase a5 oS o s mbles
Sl )3 Sy w5 (o) B silulax
bla gjlwlas ol s Jslse 5logs anlys>
aS 0,5 o)l go)lse 4 (i se (e 9 (S
by e o £ eS8 g SReals iulidl
SRea sl WAl e AT 00,55 Cawd e
dod >z 10 g lbase dLas,glol) woludlol Lz o
QLS50 45 59, 5 S S iy 455
Al 50 A8 ;500 09 g ey o doiydgo
‘Lg)'l_wooL?- ‘LS)L))—%%Q-? OFTeR LSSL..,Jl sleddls
uL..l.o.c )\ o..\_QLo‘s’éLg (_gLM.:.'{ 9 ‘S.Ju? (SLQW
Commwdy o e LS P Q.ll).gL;.g Alld 6)“5)-."’)-9:-?
cilS s sl ,BIK> asle sXen 5 (S350
odla L blss gilwlas o o )65 S o
8 SRR B39 3 09 aaleS 9,49, (S
sl sbml cow wlbog; 5 a5 A5 )le 95 3929
bwgs (e e 3l ey b silulaz 0 (S5
S 0 5,50 Lol Jwlge o oy ,e-X]l
() 9 ey BLE lulaa slap oSl
L)l 5 et Sl s (69 99790 (B)lse
oyl cplplos .(Xu et al, 2015) el
9 ) 2 9 ey LB gilulaz 5o o 568l
L iyl o age slo el )l s jsboieen
2P\ WS ORLIN AN VU PIRSIVRLIE i WV WP AP E Y,
L aS o s I> 9,00 5 «(Roberts et al., 2019) aib
5 &SI alize sblis oty o gw,p
>, Slee Yang et al. (2018) a_oj ool yo o8l
Kz sogame G o 1, OBS i ,65l (g5lulas
53 0adomy Sl iagh 503 )3 s S L)l
S blin ;o 1) o sl o, Slos 5dos ()



Vo 100 LAYV &mio NPT Ll o) 8yl oo yils Jlo oyl SLISr ezl oyl UK Al

FRRRET-X I RARKYC N F SIS | O VOV
S (Ked oy 85 3,5 (o Gl o0 Egeme

A8 oo a5l gamaids 5L o |y Cledbl oy iy
Jedoda g5 ol o .(Chicco et al., 2021)
g oxiglulazr polie lojes (ow)n &)9yd
Sl ) = 5 e AN 90 5 p0 olil
Soslisl 1y (sloss 25T o oS S 23
10U 5 LIS oo onie (Smrad oy sl Ll
slie Lods ao,lel S50 prolie yly g ol o0y
G 53 sy S5 Sla g 50 Cal o o8]
F1 5Ll 5L 51 Vo et al. (2015) iagh dios
Yanget 4 JS <o 5,L1 ;I Varney et al. (2016)
ooliiwl pgs 5 Jol 95 sllas 5,1 5lal. (2018)
AeS gt ¢ oy iU sl iegh 00y s S
o) cmilin LS 51 L5 OBS o2y ,5-5)1 (gl
)10 (o) zf g (o) B (gilulaz )3 o )oKl
OL:U‘ )..}.QLB.A a_u.@‘.: 9 To—e g.:L?u.:‘ SHg—e jO g
g Sl pNasizr s 0008 ol S S
SO Ll ool pl o il sales g0l oIS
5 Lags S olal Adlge o 4y (105,50 dalge

st ol At oo (pend b a5 sl 3y s
Sls ialidl oy o B ) oSl ol LS
boguze yo aS ol lus s .(Ayala et al., 1985)
A ol 5o 0,68l (e Bl YY BVO o
2 ey b g ey BB gilalaz g cl 09>
Al Ll el a8 57 plodl 926 (n e 0 05 )
el s Sail e Alols JJoay a5 o S axgs
Sy a5 bl coogasme cpl 50 o )sSUl oIS
S0 aS il e yles e ol i s ole Ll
@S ) el 58 05l cnl 4 S0 6 p0lis
ol slrail aul o ccul o0 5 Jod LB
40 59> kgl o Elseberg et al. (2013) . jing3

L oy oy Shoe (3159 o5 piton Sl pnss
4o adlie ol olal als 4 cand (g s ol
Sl azg b g 99don o stle A5l feS polie
Sl i Mol (glosgase ol (e 250
YO 5l S addie sl ol 3l L oS lg 5 oo
Mas i)y bl Lo iso don o e 6lo
Oleyed Lol g o JiBre v )63l 8 ,Slas g 39 g0
olaal o A ey (idu o eddol] S b
Jeloan Lai 5 anl ool Glamy (Sej 5o BB G0
it o olitblay (pe) yue Bl 5 (65l L]
Ghls 955 ool slasd 5 ise ol Sos o e
i 55955 3 (St 031 ey (5528 bl
ol 5o g aale gl oLl eyl sl 5l o
3l samillas isu ey Cably dgs
pladl ciws & js0ay VO et al. (2015) el oL )
Varney et al. (2016) .ais S s Codly dps 4
00 Al AL LIS (o AT o) Cuadly slaools
ooliiwl 393 gty 5o w2kl ¢l o
At sy S sl il S50 50 a0
=15l Jmol @bt (bl 5 (s Smadly
5 ol Vsl aS sl 48 55 & j40 i ,oS
09— d_..a.‘>u L)" B ‘)_'>‘ = ).Sfo.’ L) ‘_g|d........:l.n.a)...c
PESEIWOCSPRP By VN [N B W S0 S SV
IS oo B ylel a5 canls Lo wub a5 8 ,Ses
3 Lel oil JolS 5,Lel wilgs s Lol el Jgloite
S )lre a3l i 091 Joan el (Ses
(Chicco & Jurman, 2020) ol ca_Sol o5
5 e jlol oyl ol pamds a5 540 o Slpian ol plo
o o 8kl gt soliiwl 5 ylgte Come )bl
30 6ok clbBIOU 4 LIS (g 1o ¢jauiin Ko



oGSl j5d glaosls jo gy bla il gilulas o Octree ) oo gundslad o) L) VO

el il 418 5 & o ] o ol glaclss
SLiSal, ks ol b a5 cosls Janl s o
sla S )0 a8 acib son | Gladiss 51 g law

b sl ) 6 slalae b (b
35l (63959 (sLa el )ly A polie 5l eolinul
aS el oly ol e mizmen .ol (555,60 OBS
) 2 g Sy bl (gilulaz 5o 02 )5Sl )l
Jdods g o)l psdlae IS Ko slvas e jo
sy g 1yl o od—n Sledas ay pslas ls
ool wl ol Cadlae Cloes! flgicas islo s ol
30 LR =) AS 09 oo slpaiing 09 anles
Loyl sl wi,sl (LB ol 1S5 5 )l

g by (2l b ol 2

&l ol
SeB e cnl asbly sl plad pyise <S80

Dl oo (S8 s Sid Sl oKiws ol 1,8

References

o=l Sl by g B Rl e () 2 A
S5 e b S (s polie a5 wingw, aidly
T R N D)
S9-disn S0y 9 sy BB silulaz 0 OBS
y adlge ool 5l syl Ve e LY 550 Ll
Song et al. oeR95— l—’ d_..a:z.’ L)"‘ 59 odueslaru
Solls & iagsy 5 8 b 5 el LS, (2022)
Jome dgs yo oo (! 5l Jols slrosls cuslie

DS oo 0yl ey (5098,

=

&= OBS (o2 50 S Ll gy (ol 5o

25 lmodls (chae) b g (e blis (g3lulax
RUUR W PRLI L SRS L ST S KPR IR, W)
S910l5 Oogm hlo Jdodan gy i slmosgaze
O 00 S e 9 S i OB o S50
T L-JURWO R CERIWY U E S SN VORI W) IS
Sz sl (IS jsbar ooz g leitle 900l
aS el pule ) b S S )

Aguilar, F.J., Rivas, J.R., Nemmaoui, A., Pefialver, A., & Aguilar, M.A. (2019). UAV-based digital
terrain model generation under leaf-off conditions to support teak plantations inventories in tropical
dry forests. A Case Of The Coastal Region Of Ecuador. Sensors, 19(8), 1934.
https://doi.org/10.3390/s19081934

Arefi, H., d’Angelo, P., Mayer, H., & Reinartz, P. (2011). Iterative approach for efficient digital
terrain model production from CARTOSAT-1 stereo images. Journal of Applied Remote Sensing,
5(1), 053527-053527. https://doi.org/10.1117/1.3595265

Axelsson, P (2000). DEM generation from laser scanner data using adaptive TIN models. International
archives of photogrammetry and remote sensing, 33, 111-118.

Ayala, D., Brunet, P., Juan, R., & Navazo, I. (1985). Object representation by means of nonminimal
division quadtrees and octrees. ACM Transactions on Graphics (TOG), 4(1), 41-59.
https://doi.org/10.1145/3973.3975

Bauwens, S., Bartholomeus, H., Calders, K., & Lejeune, P. (2016). Forest inventory with terrestrial
LiDAR: A comparison of static and hand-held mobile laser scanning. Forests, 7(6), 127.
https://doi.org/10.3390/f7060127

Chicco, D., & Jurman, G. (2020). The advantages of the Matthews correlation coefficient (MCC) over
F1 score and accuracy in binary classification evaluation. BMC genomics, 21, 1-13.
https://doi.org/10.1186/s12864-019-6413-7



VoY 100 LAYV &mio NPT Ll o) 8yl oo yils Jlo oyl SLISr ezl oyl UK Al

Chicco, D., Warrens, M.J., & Jurman, G. (2021). The Matthews correlation coefficient (MCC) is more
informative than Cohen’s Kappa and Brier score in binary classification assessment. IEEE Access, 9,
78368-78381. https://doi.org/10.1109/ACCESS.2021.3084050

Chicco, D., Totsch, N., & Jurman, G. (2021). The Matthews correlation coefficient (MCC) is more
reliable than balanced accuracy, bookmaker informedness, and markedness in two-class confusion
matrix evaluation. BioData mining, 14(1), 1-22. https://doi.org/10.1186/s13040-021-00244-z

Cho, Y.J. (2021). Weighted Intersection over Union (wloU): A New Evaluation Metric for Image
Segmentation. arXiv preprint arXiv:2107.09858. https://doi.org/10.48550/arXiv.2107.09858

Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and psychological
measurement, 20(1), 37-46. https://doi.org/10.1177/001316446002000104

Congalton, R.G. (1991). A review of assessing the accuracy of classifications of remotely sensed data.
Remote sensing of environment, 37(1), 35-46. https://doi.org/10.1016/0034-4257(91)90048-B

Dalagan, A.C., & Principe, J.A. (2021). Gis-Based Landslide Volume Estimation Using Digital
Terrain Models Derived from LIDAR and Radar Systems: Case of Pidigan, Abra. International
Archives of the Photogrammetry. Remote Sensing and Spatial Information Sciences, 46, 4.
https://doi.org/10.5194/isprs-archives-XLVI-4-W6-2021-109-2021

d’Alessandro, M.M., & Tebaldini, S. (2019). Digital terrain model retrieval in tropical forests through
P-band SAR tomography. IEEE Transactions on Geoscience and Remote Sensing, 57(9), 6774-6781.
https://doi.org/10.1109/TGRS.2019.2908517

De Diego, I.M., Redondo, A.R., Fernandez, R.R., Navarro, J., & Moguerza, J.M. (2022). General
Performance Score for classification problems. Applied Intelligence, 52(10), 12049-12063.
https://doi.org/10.1007/s10489-021-03041-7

Elseberg, J., Borrmann, D., & Nichter, A. (2013). One billion points in the cloud-an octree for
efficient processing of 3D laser scans. ISPRS Journal of Photogrammetry and Remote Sensing, 76, 76-
88. https://doi.org/10.1016/j.isprsjprs.2012.10.004

Fahle, L., Petruska, A.J., Walton, G., Brune, J.F., & Holley, E.A. (2023). Development and Testing of
Octree-Based Intra-Voxel Statistical Inference to Enable Real-Time Geotechnical Monitoring of
Large-Scale Underground Spaces with Mobile Laser Scanning Data. Remote Sensing, 15(7), 1764.
https://doi.org/10.3390/rs15071764

Gollab, C., Ritter, T., & Nothdurft, A. (2020). Comparison of 3D point clouds obtained by terrestrial
laser scanning and personal laser scanning on forest inventory sample plots. Data, 5(4), 103.
https://doi.org/10.3390/data5040103

Heritage, G., & Large, A. (Eds.). (2009). Laser scanning for the environmental sciences. John Wiley &
Sons. https://doi.org/10.1002/9781444311952

Hossin, M., & Sulaiman, M.N. (2015). A review on evaluation metrics for data classification
evaluations. International journal of data mining & knowledge management process, 5(2), 1.
https://doi.org/10.5121/ijdkp.2015.5201

Hsieh, C.S., & Ruan, X.J. (2023). Automated Semantic Segmentation of Indoor Point Clouds from
Close-Range Images with Three-Dimensional Deep Learning. Buildings, 13(2), 468.
https://doi.org/10.3390/buildings13020468

Jiménez-Jiménez, S.I., Ojeda-Bustamante, W., Marcial-Pablo, M.D.J., & Enciso, J. (2021). Digital
terrain models generated with low-cost UAV photogrammetry: Methodology and accuracy. ISPRS
International Journal of Geo-Information, 10(5), 285. https://doi.org/10.3390/ijgi10050285

Khorrami, R.A., Darvishsefat, A.A., Tabari Kochaksaraei, M., & Shataee Jouybari, S. (2014).
Potential of LIDAR data for estimation of individual tree height of Acer velutinum and Carpinus
betulus. Iranian Journal of Forest, 6(2), 127-140. (In Persian)



oGSl j5d glaosls jo gy bla il gilulas o Octree ) oo gundslad o) L) VoY

Kraus, K., & Pfeifer, N. (1998). Determination of terrain models in wooded areas with airborne laser
scanner data. ISPRS Journal of Photogrammetry and remote Sensing, 53(4), 193-203.
https://doi.org/10.1016/S0924-2716(98)00009-4

Lari, Z., Habib, A., & Kwak, E. (2012). An adaptive approach for segmentation of 3D laser point
cloud. The International Archives of the Photogrammetry. Remote Sensing and Spatial Information
Sciences, 38, 103-108. https://doi.org/10.5194/isprsarchives-XXXVI11-5-W12-103-2011

Lavrenov, R., Zakiev, A., & Magid, E. (2017). Automatic mapping and filtering tool: From a sensor-
based occupancy grid to a 3D Gazebo octomap. In 2017 International Conference on Mechanical,
System and Control Engineering. IEEE, 190-195. https://doi.org/10.1109/ICMSC.2017.7959469

Martens, J., Blut, T., & Blankenbach, J. (2023). Cross domain matching for semantic point cloud
segmentation based on image segmentation and geometric reasoning. Advanced Engineering
Informatics, 57, 102076. https://doi.org/10.1016/j.aei.2023.102076

Matthews, B.W. (1975). Comparison of the predicted and observed secondary structure of T4 phage
lysozyme. Biochimica et Biophysica Acta (BBA)-Protein Structure, 405(2), 442-451.
https://doi.org/10.1016/0005-2795(75)90109-9

McHugh, M.L. (2012). Interrater reliability: the kappa statistic. Biochemia medica, 22(3), 276-282.

Meagher, D. (1982). Geometric modeling using octree encoding. Computer graphics and image
processing, 19(2), 129-147. https://doi.org/10.1016/0146-664X(82)90104-6

Mielcarek, M., Kaminska, A., & Sterenczak, K. (2020). Digital aerial photogrammetry (DAP) and
airborne laser scanning (ALS) as sources of information about tree height: Comparisons of the
accuracy of remote sensing methods for tree height estimation. Remote Sensing, 12(11), 1808.
https://doi.org/10.3390/rs12111808

Moradi, A., Satari, M., & Momeni, M. (2018). Extracting the individual trees of urban forests from
high density airborne LiDAR data. Iranian Journal of Forest, 10(1), 27-42. (In Persian)

Nocerino, E., Menna, F., Remondino, F., Toschi, I., & Rodriguez-Gonzalvez, P. (2017). Investigation
of indoor and outdoor performance of two portable mobile mapping systems. In Videometrics, Range
Imaging, and Applications XIV. SPIE, 10332, 125-139https://doi.org/10.1117/12.2270761

Pierdicca, R., Paolanti, M., Matrone, F., Martini, M., Morbidoni, C., Malinverni, E.S., Frontoni, E., &
Lingua, A. M. (2020). Point cloud semantic segmentation using a deep learning framework for cultural
heritage. Remote Sensing, 12(6), 1005. https://doi.org/10.3390/rs12061005

Powers, D.M. (2020). Evaluation: from precision, recall and F-measure to ROC, informedness,
markedness and correlation. arxiv preprint arXiv, 2010, 16061.
https://doi.org/10.48550/arXiv.2010.16061

Puletti, N., Grotti, M., Masini, A., Bracci, A., & Ferrara, C. (2022). Enhancing wall-to-wall forest
structure mapping through detailed co-registration of airborne and terrestrial laser scanning data in
Mediterranean forests. Ecological Informatics, 67, 101497.
https://doi.org/10.1016/j.ecoinf.2021.101497

Roberts, K.C., Lindsay, J.B., & Berg, A.A. (2019). An analysis of ground-point classifiers for
terrestrial LIDAR. Remote Sensing, 11(16), 1915. https://doi.org/10.3390/rs11161915

Sadeghi, Y., St-Onge, B., Leblon, B., & Simard, M. (2016). Canopy height model (CHM) derived
from a TanDEM-X InSAR DSM and an airborne lidar DTM in boreal forest. IEEE, Journal of
Selected Topics in Applied Earth Observations and Remote Sensing, 9(1), 381-397.
https://doi.org/10.1109/JSTARS.2015.2512230

Sammartano, G., & Spano, A. (2018). Point clouds by SLAM-based mobile mapping systems:
accuracy and geometric content validation in multisensor survey and stand-alone acquisition. Applied
geomatics, 10, 317-339. https://doi.org/10.1007/s12518-018-0221-7


https://doi.org/10.3390/rs12111808

Vof 100 LAYV &mio NPT Ll o) 8yl oo yils Jlo oyl SLISr ezl oyl UK Al

Song, D., Li, S., Li, S., Jin, S,, Tang, D., & Tan, Y. (2022). A Method of Making DEM by Data
Fusion of Multi-Device Point Cloud. In IOP Conference Series: Earth and Environmental Science.
IOP Publishing, 1101(7), 072007. https://doi.org/10.1088/1755-1315/1101/7/072007

Starek, M.J., Chu, T., Mitasova, H., & Harmon, R.S. (2020). Viewshed simulation and optimization
for digital terrain modelling with terrestrial laser scanning. International Journal of Remote Sensing,
41(16), 6409-6426. https://doi.org/10.1080/01431161.2020.1752952

Tharwat, A., Moemen, Y.S., & Hassanien, A.E. (2017). Classification of toxicity effects of
biotransformed hepatic drugs using whale optimized support vector machines. Journal of biomedical
informatics, 68, 132-149. https://doi.org/10.1016/j.jbi.2017.03.002

Tharwat, A. (2020). Classification assessment methods. Applied Computing and Informatics, 17(1),
168-192. https://doi.org/10.1016/j.aci.2018.08.003

Trier, @.D., Cowley, D.C., & Waldeland, A.U. (2019). Using deep neural networks on airborne laser
scanning data: Results from a case study of semi-automatic mapping of archaeological topography on
Arran, Scotland. Archaeological Prospection, 26(2), 165-175. https://doi.org/10.1002/arp.1731

Trochta, J., Kracek, M., Vrska, T., & Kral, K. (2017). 3D Forest: An application for descriptions of
three-dimensional forest structures using terrestrial LiDAR. PloS one, 12(5), e0176871.
https://doi.org/10.1371/journal.pone.0176871

Varney, N.M., Asari, V.K., & Sargent, G.C. (2016). A novel feature extraction methodology for
region classification in lidar data. In Image and Signal Processing for Remote Sensing XXII. SPIE,
10004, 151-164.https://doi.org/10.1117/12.2242163

Vo, A.V., Truong-Hong, L., Laefer, D.F., & Bertolotto, M. (2015). Octree-based region growing for
point cloud segmentation. ISPRS Journal of Photogrammetry and Remote Sensing, 104, 88-100.
https://doi.org/10.1016/j.isprsjprs.2015.01.011

Vosselman, G. (2000). Slope based filtering of laser altimetry data. International archives of
photogrammetry and remote sensing, 33(3), 935-942.

Wang, M., & Tseng, Y.H. (2004). Lidar data segmentation and classification based on octree structure.
parameters, 1(5).

Wilhelms, J., & Van Gelder, A. (1992). Octrees for faster isosurface generation. ACM Transactions on
Graphics (TOG), 11(3), 201-227. https://doi.org/10.1145/130881.130882

Wilkes, P., Lau, A., Disney, M., Calders, K., Burt, A., de Tanago, J.G., ... & Herold, M. (2017). Data
acquisition considerations for terrestrial laser scanning of forest plots. Remote Sensing of
Environment, 196, 140-153. https://doi.org/10.1016/j.rse.2017.04.030

Xu, H., Cheng, L., Li, M., Chen, Y., & Zhong, L. (2015). Using octrees to detect changes to buildings
and trees in the urban environment from airborne LiDAR data. Remote Sensing, 7(8), 9682-9704.
https://doi.org/10.3390/rs70809682

Yang, M.Z., Huo, L., & Gao, L. (2018). Improved octree filtering algorithm of airborne LiDAR data
in forest environment. Journal of Beijing Forestry University, 40(11), 102-111.
https://doi.org/10.13332/j.1000-1522.20180130

Yuan, M.S., & Chen, M. (2023). Improved lazy thetax algorithm based on octree map for path
planning of UAV. Defence Technology, 23, 8-18. https://doi.org/10.1016/j.dt.2022.01.006


https://doi.org/10.1371/journal.pone.0176871
https://doi.org/10.1016/j.isprsjprs.2015.01.011
https://doi.org/10.1145/130881.130882
https://doi.org/10.1016/j.rse.2017.04.030
https://doi.org/10.3390/rs70809682

DOI: 10.22034/ijf.2024.418174.1945
Iranian Journal of Forest

Vol. 16, No. 1, Spring 2024
pp. 137-155
Research Article

Iranian Society of Forestry
@m2)

Evaluation of Octree-Based Segmentation (OBS) Method to Seperate Ground Point
Based on the Handheld Laser Scanner Data

S.A. Naghibi Rad?, A.A. Darvishsefat?", P. Fatehi®, M. Namiranian?, M. Saadat Seresht*, and M.
Boroumand®

Ph.D. Student, Dept. of Forestry and Forest Economics, Faculty of Natural Resources, University of Tehran. I.R. Iran
2 Prof., Dept. of Forestry and Forest Economics, Faculty of Natural Resources, University of Tehran. I.R. Iran
3Assistant Prof., Dept. of Forestry and Forest Economics, Faculty of Natural Resources, University of Tehran. I.R. Iran
4Associate Prof., Dept. of Photogrammetry and Remote Sensing, School of Surveying and Geospatial Engineering, College
of Engineering, University of Tehran. I.R. Iran
SMSc in Surveying, Nama Pardaz Rayaneh Co. I.R. Iran

(Received: 30 september 2023; Accepted: 26 November 2023)

Abstract

Introduction: Accurate digital elevation models (DEMs) are crucial for effective forest planning and
management. Various methods exist for generating DEM data, with handheld mobile laser scanners
being the most efficient and precise approach. The raw point clouds obtained from these scanners
require several preprocessing steps, one of which involves separating ground and non-ground points.
Errors in this part of the process can lead to the generation of an inaccurate digital model with high
uncertainty and errors. Various algorithms, such as voxel-based segmentation, simulation filters, and
deep learning-based approaches, have been developed for this purpose. This study evaluates the
performance of the OBS algorithm in automatically separating ground points from non-ground points
in handheld laser scanner data.

Material and Methods: The study area comprised five different sections within the Karaj Botanical
Garden, covering a total area of 7.2 hectares. These areas contained forest stands characterized by
heterogeneous structures and multi-story tree layers. Data were acquired using a handheld GeoSLAM
laser scanner. To generate a reliable reference for evaluating the algorithm's results, ground points
were manually separated. The performance of the algorithm was evaluated by comparing it with the
manually separated ground truth using statistical metrics, including Matthew's correlation coefficient,
Kappa coefficient, and Intersection over Union (loU).

Results: The statistical metrics across the five study areas demonstrated the effectiveness of the OBS
algorithm in separating ground points from non-ground points, with Matthew's correlation coefficient,
Kappa coefficient, and loU values of 0.895, 0.891, and 0.902, respectively. Additionally, the optimal
voxel size for the algorithm was determined to be within the range of 15 to 22 centimeters.
Conclusion: We conclude that the OBS algorithm, when configured with optimal input parameters,
provides high performance in automatically separating ground points from non-ground points,
especially in heterogeneous forested environments. The importance of configuring the optimal input
parameters is also highlighted.
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