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Figure 1. A view of tree scanning by terrestrial laser scanning

Av G e gﬁ““]u\... G QKLAJ u.i‘CMZ‘JJ.: S p

Codls g s (bl a3 YA B 5 (63500 4o

Sy el s abd Ve Sl Ce e L Y
sl e Yoo L&LJA;CL&;Q

yay

S5 25 5
ol Riegl LMS-Z4201 Jue e 55 oSl
olplesen (Riegl 2010) ol i SIRiegl s 5
—aw s, Seslul OSGl LMS-Z420i 50 Sl

AS o v,salje b L33 5 - (e b (gl



YO)LQJZB‘&J.L‘?g ‘io/d.&szjuﬁhjf ;o.l.C:\.AL».LaS :

IS aals 5 a5l caals Jold oS (Sl slaesls
Sy o Je o il o esls sa LIS 5 b sl el
s 03 a3 WA s SL(0) oy (V)

Sl s o8y slresls (V) oyls S8 oSul (65 50s
(Murphy, 2012) &S . Il slisls

o3ls QLS Y o 5s 2SSl (S Sl ol s

63 308 Bl il .ol oSl Jol s (V) .ol ol
s e e 0 (1) [ 0 ls 0L 50 5
ol 5 oS 358 e olda () Lalodir K Lw
Lol Sl ol sas 155 szl ijd-w

Sy o fled\ s YA U (8) o d i

(Murphy, 2012) Riegl LMS-Z420i s 5 Sl =Y I3
Figure 2. Terrestrial laser scanning Riegl LMS-Z420

338 oo 3b olSs G5 5o 3 0ol (53 4 s
.(Mcglade et al., 2022)

s e 0L 1 TOF Gas Jhowiw Jool ¥ I3
el o 0313 0L 503 S, LS IR 50 S
IR ailye Ko 5 ol Calin 15 3,550 4 Conm
oSl bodas o yaskdd |y edd S
— r ok S 5 2 IR 2l o 56 G|
Hansard et al., ) (ws dewsles | - U adole V.,_stjs
(2012

Y4¢

TOF ks
S, ol &S el g5t 31 o5 TOF (poyss
G S 5 KS e Gl a L) sl Ges o
el Slas ook bl SN ml sl
585 ¢l TOF (g 5k 51 &S RGB-D (slaelKans
Aol awloes b S o oslited hman Sledb
Rl S e S 8 a5 os s Ol
o=l S el Gy ol el 5 S,
bl plis, ol by bl S

jﬁ&w@%@)}lﬂb b QTL;.L‘J}J:L;G



S ()0 oS sledasin 6 ,.505lal )0 TLS § TOF bl )l 5.4l ‘_,;J)lf

§ NN

Object Depth =

IR Emitter

O

a DHHSGHSO[

Controller

—

Ag

(Hansard et al., 2012) TOF Loy Ges o Y IS
Figure 3. Depth measurement by TOF (Hansard et al., 2012)

JJL;LJU.&J&CAAM\JLUJ o= ‘jL‘" .JJML;&ULM:
S CL? Oeteed el 0 S flb.r_;‘ Bl awds 340
i 4l sl STl eslaal Lo s
Azl TLS laesls 5l 26 o5 0 shaie
5SSl L Lol aglie imen 5 Lagssd
e slad 5 58 B8 Sl ¢ e Sl
s s o S sla S bls (g e
E2 A Lol s D5 S o LSS 5 ree
pa il Jab e ine 5 ORI S a5l sl
A g Sl gb cols 5 shis <l (DBH)
Gla ety 5 Sl la ) amlis sl
(RMSE) s Sla o Sl [ sdons 1 oo jlisl
(Bias) ol osbol Y alal,) RMSE% () b))
L)'L‘ DL A eslazul (f. 4.2.!‘)) BIaS% E) (Y’ 4.2.!‘))
)‘.LEA g_,\.ajjjb i )Xir cXi E) OL’I}‘)J J‘.Lv_? n g.]d.j‘})

03ls )\.qu .E.wj;'.a D e 0al3 chJ)jIﬁ dpselin

RMSE = Lz (i — Xir)® (1) i
n
E \
RMSE% = — X 100 (Y) &kl
n
Bias = izl(xi — Xir) (*) ia,
n
Bias .
Bias% = — X 100 (£) dal

Y40

LTS
Jolss 53 ol 0 ¢ e L3 Sl b s 6l
Al b gty A a8 S s il
A5 skea (Riegl, 2010) .z oLl RiScan Pro
(ot s a Glbl s s &S > ens TOF bl il
Sdaan Sl Phab 2 Pro ses sa <L 5l eslanal b
Matterport Scenes Skl las 3 5 el
—o3ls> Olgeas TOF 5 TLS bLla ol . sbwl L
—oh e s as S B s a5 e
Bl S St e ble ) sl Sl
o b 5 S QLS (e Sl SLSI BE 5 ol el
3 eslitad b e (dd B (53555 slaesls
5 L3k s s LG (15 Context Capture ) 53le
Sle 3 s Seilul slaslpl 5l eslial b aalsl o
)3 éau C_lw s ks CloudCompare (v.2.12.4)
ol sl s S eIl Ol s aw il &L&J)\
©5lpe 50 b s eslinal zws ¢ Se3lul 5l sl
Baas plol o pls culd) B slaiss Wb
s (o 5 e s (RANSAC) islas
0L pb3) bl ol a5 a5 SIbl s skl S
— S5 S ok 255 (68 sl (Bl S 5L bl
JICal 5l eslanal U1y dle (5,8 63lu) ab iy sla
T L v P RSP PN v PP SRt
Ll gt dle b K5 Ll5 ol a5 dLias

Golwdde lallas 4 i 4l jy ALS Cd B



Y’o)Lo.Ai)‘q J.J.>‘J\ia..> WQJ’SMS)"S"’LC;ALL‘S

S 528l D yoas |y S 20 g e Dusgdme
Sl st 3 LS (Sl TLS Bl s ol 03 5
Sl LS TOF & ol et s adle Ll os S
55 el et by Bl Gl L bl ol S 3 s
Slatmslin 5 s piie (5 Seilil & by o culs asls]

RO PR WIR ol

Susbd 53 L et bl Ol s A aulS a5 shailan
D3l dama 53 0T L& 4l 5 oS TOF 5 TLS
22 gl s se e sane o Sesll sl
m s oy Sl 3 ol Bl S
S 5 sbolen .ol 0l 0303 OLES Lag sl opl ahwns

LS‘J‘J CLGJ‘)‘ éﬂge)‘J.J L TOF .)}.A.::L;d odalin

Figure 4. a. TOF point cloud b. TLS point cloud c. combining two technologies

Doy S84k v G slie ls
ﬂé\SbM‘\jb‘\J}.&-J)Lﬁdﬁ&f}&ﬁoj\.ﬁ\
w33 3l S ay) s las Jliis L TOF OF Ll

.C«w\‘)b)jﬁ-ﬁ 6‘)2.\.:.\.3

Lo il b
%»jbjh;mﬁ.md;o)\.b\ J,“JM., u:"'“}}l Ui‘)b
C33 o) 8 amlis Sle Ol gea osls ol QIS

1> 0L el s 48 S ki, TOF 5 TLS bl |

R U P R YRS TRE T LR TN

law 4§ ij)éﬂgo)'\.u\ ooy SSE w4 s oo -\ Jd
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Table 2. Validation of the basal area based on TOF by different types of species
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;fﬁ&.ﬁ ‘ffu‘J.’”“ el UL«T
Broadleaf Coniferous Validation statistic

17.61 0.94 RMSE (m?)

33.66 2150 RMSE %

15.47 0.73 Bias (m?)

29.57 16.70 Bias %
jM}adiujfla.»j)aﬁ;)ﬂﬂ):etal.(ZOZZ) Con

de Abolhasani and Mohammadzadeh (2020) s ol 2 Site (Sl sl S il
Harikumar et al. , Paula Pires et al. (2022) o34 52U )l TLS s TOF (5 .So3lul (glas I
el @L"J 4 TLS Luy ki JJJTJ‘.' 5> (2022) 3rs ol bl b5 5SS sl 3 Sl oS
Sl L TLS 050 (6555 b 515 S Ty s 53 (Y Jsd) 55 TLS 5l 2 SKITOF 5 Shas
s el ot s sla ke 5,50 0 6l Eas op e Fathollahi yFanetal. (2018) { yean ola fass

YaA



S ()0 oS sledasin 6 ,.505lal )0 TLS § TOF bl )l 5.4l ‘_,;J)lf

L Vsems «Se3lhl Jyane Gla sy 53 s
Lolg, 5l eslinal b S 8 5 Sz kb g (oS80 510
(mdn JB S S b IS8 B s S
L s,Seslil 5o blie 3 6358 0 5,50 5 zb el
b G S8 e o oSl Dl el
03 oSl nl by ot w8 s 0T (gla Sy
s S les 2U IS 5 cols S8l 55 i
SS 031l c@l:d ool sl gplee 5 558
b joate 500 4 Cd g llast 4 e 26 IS
JSKo 5 (S5 S ey S g slaai S 55 oS 0l
Fleck .ol 08 5 55 5 51 jtdig Ut ol U o laels
« 3 Kukenbrink et al. (2021) , et al. (2011)
35S ASE 26 cobae 5,505 53 TLS (555l T

S S o
Lol ol 51 plaS a ab jasie & sboles
TLS bl ol Guils 5 0 1y 355 Cind 5 &g bl
oS Slaaaiiie ¢, Se5lhl 3se o pe TOF
Fel a5 G mld 5 AS (e Ol s
53 sk 55 opl el s sd s o pl plo
sl Glasls Gl Ol seay ole G5 slatass
S ool (g g d e LAS anw g 5 bl D5
03 SRy 33 orl Gl LS s s e slgiy ren

2SN E o s B SR glaes s

Slayd 5 Sis
ool oSl e e ) OLL s
03,5 2l ey psb el ol oS
ol Sl o3 5 Sl o8 S eslinad O

Yaq

— 0ol g Ll pleal b S by Ol s
S Gl b s oS1 e £5a3 Slakad 5o Ll s
G RN CCH R KPS GOV PR B Wi WP
23 asdie (Sl o8 ke Ol sl CAS
SN Sl s e o5l ol Jse TOF o -
M5 JolS 5 CodSL (Sl BB SGs 5 ol
5,55 2 S e 3 Shese 51l L3 5 6l oS LS e
350 0 ki sy S35 e 8l gsop! 5o
Lz S 13 auslis slus TOF (slaesls gclafu o
Slye s YVAA 08 se sl RMSE% Slaie o
Uas slie ol asloee do 53 VY/04 08 5 5 s
o o pde O e oS dtes g 55 BB B
—aﬁ&ij:):.g;ﬁ,:\uwwmdﬁ.:jlcﬁ»
S o3l glast Oslae a5 sy OB 2 55w ol
&S Ldaes Witzmannet al. (2022) .ulacils g xS
Ll S 03Il 4 S (gdman slaesl
=3Il 3l ealazad 5 Lsla, g2 5 (g i s 51 LIS
L35 3p5m 1y e slaesls Olgear el lags S
de Paula Pires et al. (2022) ocen . Llosls 513
C3y Ct s ABle U s alols 4y anen s S 0L
ol o plim a5 ol sline Sy a5 (6 S eI
5yl S 35 Sl ol B S
osls ol wmtys 43 51 TOF s Sl dbols o
—o3ll gl W s p 5 G 5l (S Ol psar Ll 5 s
5,8 13 esliad 550 Ol s a5 sla S ks $ S
S e g S e sle e Ole o
Sl Ssn oo Sy il S b G
el 3 358 o 03Y (Slaaid jo Sl r 53 o g
gl Jels il 4 556 55 Phab2Pro ls )l 5



vo)Lo.:J‘QAl?‘ m}/wij.mj)_\ ;QLCQAL.LQB :

References

Abdollahzadeh, B.; Hojjati, S. M.; Sagheb
Talebi, K.; Kooch, Y., Impact of plantation
with Robinia pseudoacacia and Pinus
eldarica on soil physic-chemical properties
and Co2 emission in Tehran urban landscape.
Forest Research and Development 2019, 4
(4), 463-476. (in persian)

Abolhasani, H.; Mohammadzadeh, A.,
Detection of some Tree Species from
Terrestrial Laser Scanner Point Cloud Data
Using Support-vector Machine and Nearest
Neighborhood  Algorithms. Journal  of
Geomatics Science and Technology 2020, 9
(3), 29-40. (In Persian)

Fan, Y.; Feng, Z.; Mannan, A.; Khan, T. U;;
Shen, C.; Saeed, S., Estimating tree position,
diameter at breast height, and tree height in
real-time using a mobile phone with RGB-D
SLAM. Remote Sensing 2018, 10 (11), 1845.

Fathollahi, M.; Soosani, J.; Mohammadzadeh,
A.; Puttonen, E.; Hosseinzadeh, R., The
efficiency of TOF technology in smartphones
to estimate the diameter of some Hyrcanian
forest index trees. Journal of Geomatics
Science and Technology 2022, 11 (4), 131-
140. (in persian)

Fleck, S.; Mdlder, I.; Jacob, M.; Gebauer, T.;
Jungkunst, H. F.; Leuschner, C., Comparison
of  conventional  eight-point  crown
projections with LIDAR-based virtual crown
projections in a temperate old-growth forest.
Annals of Forest Science 2011, 68 (7), 1173-
1185.

Gimenez, J.; Sansoni, S.; Tosetti, S.; Capraro, F.;
Carelli, R., Trunk detection in tree crops
using RGB-D images for structure-based
ICM-SLAM. Computers and Electronics in
Agriculture 2022, 199, 107099.

Hansard, M.; Lee, S.; Choi, O.; Horaud, R. P.,
Time-of-flight cameras: principles, methods
and applications. Springer Science &
Business Media: 2012.

Harikumar, A.; Liang, X.; Bovolo, F.; Bruzzone,
L., Void-Volume-Based Stem Geometric
Modeling and Branch-Knot Localization in
Terrestrial Laser Scanning Data. IEEE
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing 2022, 15,
3024-3040.

Huncaga, M.; Chuda, J.; Tomastik, J.; Slamova,
M.; Koren, M.; Chudy, F., The comparison of
stem curve accuracy determined from point
clouds acquired by different terrestrial

Yoo

remote sensing methods. Remote Sensing
2020, 12 (17), 2739.

Janhéll, S., Review on urban vegetation and
particle air  pollution-Deposition  and
dispersion. Atmospheric Environment 2015,
105, 130-137.

Kikenbrink, D.; Gardi, O.; Morsdorf, F.; Thirig,
E.; Schellenberger, A.; Mathys, L., Above-
ground biomass references for urban trees
from terrestrial laser scanning data. Annals of
Botany 2021, 128 (6), 709-724.

Liang, X.; Kankare, V.; Hyyppa, J.; Wang, Y.;
Kukko, A.; Haggrén, H.; Yu, X.; Kaartinen,
H.; Jaakkola, A.; Guan, F., Terrestrial laser
scanning in forest inventories. ISPRS Journal
of Photogrammetry and Remote Sensing
2016, 115, 63-77.

McGlade, J.; Wallace, L.; Reinke, K.; Jones, S.,
The potential of low-cost 3D imaging
technologies for forestry applications: Setting
a research agenda for low-cost remote
sensing inventory tasks. Forests 2022, 13 (2),
204.

Mokros, M.; Vybostok, J.; Grznarova, A.;
Bosela, M.; Sebef, V. Merganic, J., Non-
destructive monitoring of annual trunk
increments by terrestrial structure from
motion photogrammetry. PLoS One 2020, 15
(3), 0230082.

Murphy, M. Historic building information
modelling (HBIM): For recording and
documenting classical architecture in Dublin
1700 to 1830. Trinity College Dublin, 2012.

Neuville, R.; Bates, J. S.; Jonard, F., Estimating
forest structure from UAV-mounted LiDAR
point cloud using machine learning. Remote
Sensing 2021, 13 (3), 352.

Del Perugia, B.; Giannetti, F.; Chirici, G;
Travaglini, D., Influence of scan density on
the estimation of single-tree attributes by
hand-held mobile laser scanning. Forests
2019, 10 (3), 277.

de Paula Pires, R.; Olofsson, K.; Persson, H. J.;
Lindberg, E.; Holmgren, J., Individual tree
detection and estimation of stem attributes
with mobile laser scanning along boreal
forest  roads. ISPRS  Journal  of
Photogrammetry and Remote Sensing 2022,
187, 211-224.

Riegl. Long Range & High Accuracy 3D
Terrestrial Laser Scanner: LMS-Z420i Data
Sheet. 2010; 4p.

Schmohl, S.; Narvéez Vallejo, A.; Soergel, U.,
Individual tree detection in urban ALS point



Wang, X,

S ()0 oS sledasin 6 ,.505lal )0 TLS § TOF bl )l 5.4l ‘_,;J)lS

clouds with 3D convolutional networks.
Remote Sensing 2022, 14 (6), 1317.

Singh, A.; Pervysheva, Y.
Lamatungga, K.; Murtinov4, V.; Mukarram,
M.; Zhu, Q.; Song, K.; Surovy, P.; Mokros,
M., Evaluation of ipad pro 2020 lidar for
estimating tree diameters in urban forest.
ISPRS Annals of the Photogrammetry,
Remote Sensing and Spatial Information
Sciences 2021, 8, 105-110.

Witzmann, S.; Matitz, L.; Gollob, C.; Ritter, T.;

KraRnitzer, R.; Tockner, A.; Stampfer, K,;
Nothdurft, A., Accuracy and precision of
stem cross-section modeling in 3D point
clouds from TLS and caliper measurements
for basal area estimation. Remote Sensing
2022, 14 (8), 1923.



Journal of Forest Research and Development, Vol. 9, No. 3, 2023

Visual The effectiveness of combining TOF and TLS point clouds in measuring the
guantitative characteristics of urban trees

Masume Fatholahi?, Javad Soosani™?, Ali Mohammadzadeh?, Eetu Puttonen* and Ramin Hosseinzadeh?®

1- Ph.D. Student of Forestry, Faculty of Agriculture and Natural Resources, Lorestan University, Khorramabad, I.
R. Iran. (Massomefatholahi@ymail.com)

2- Associate Professor, Department of Forestry, Faculty of Agriculture and Natural Resources, Lorestan
University, Khorramabad, I. R. Iran. (soosani.j@Ilu.ac.ir)

3- Associate Professor, Department of Photogrammetry and Remote Sensing, K. N. Toosi University of
Technology, Tehran, I. R. Iran. (a_mohammadzadeh@kntu.ac.ir)

4- Project Manager at Finnish Geospatial Research Institute FGI, National Land Survey of Finland. Finland.
(Eetu.puttonen@nls.fi)

5- Ph.D. of Forestry, Faculty of Agriculture and Natural Resources, Lorestan University, Khorramabad, I. R. Iran.
(ramin.hosseinzadeh@yahoo.com)

Received: 23 December 2022 Accepted: 09 April 2023

Abstract

Depending on the purpose, different species of broadleaf and coniferous trees are used in the urban green
space, which has diverse and complex characteristics. In this study, to obtain accurate information about
trees and to cover the weaknesses of two technologies, TLS and TOF, their combination was used. For
this purpose, 20 trees were selected from broadleaf (Fraxinus Ornus L. & Ulmus umbraculifera) and
coniferous (Cupressus sempervirens L. & Cupressus arizonica Greene) species in the green space of
Khajeh Nasir Toosi University and their point clouds were produced using TLS and TOF. After
processing point clouds, the parameters of breast diameter, basal area, and crown area were measured.
The RMSE of measuring the diameter at the breast of broadleaf and coniferous trees using TOF
technology was 0.33 and 0.38 cm and TLS technology was 0.59 and 0.62 cm respectively. The diameter
measurement error of the broadleaf is less than the coniferous due to the thinner bark. The basal area
measured using TOF technology is more accurate than TLS; On the other hand, TLS technology has a
precise and unique function in measuring the crown area. The basal area and crown area of broadleaf
trees showed more errors than coniferous trees due to the asymmetric and irregular shape of the stem
and crown. According to the obtained results and the examination of the strengths and weaknesses of
these technologies, the combination of these two leads to more accurate and comprehensive results.
Therefore, it is recommended to use the integration of these technologies in detailed scientific studies
that are the basis of executive works.
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