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Abstract— Numerous measurements can be made to extract the forest structure. Forest structure is one of the main aspects o
forest management. The precise estimatiofoist structures vital for some forestry applications. Thus, this study presents
anovel nondestructive approach féne measurement of forest structure using laser scanning technologies of airborne LIDAR
and Terrestrial Laser Scanning (TLS). The gtagea was located #he forest campus ofhe Forest Research Institute of
Malaysia (FRIM), Kepong, Selangor. The elements of forest structure that were meesuesdinopy height; plant density

and basal area. The field surwegs conductedver 3 plots of 25 m radius circular shape veitbtal of 60 trees with diameter

at breast height (DBH) of 10 cm and above. Tieecanopy height was estimated based on canopy height model (CHM) of
LiDAR data. For plant density, it was estimated based on crown delineation created fromV3ti&].for TLS datathe
extraction of individual trees was done using Cyclone algorithm. The forest structure measurement obtained from lager scannin
technologiess proven to be reliable with the root mean square error (RMEEX 15, t-test of 3.011landp-value of 0.004or

canopy height. For basal area, the mean of RM$&st andp-value was 0.22589, 0.620 and 0.324 the overall 3 plots
respectively The result obtained for plant density was one tree per meter2. The final outputs were presented as the map of
CHM, plant density and basal area mapconclusion, laser scanning measurement imggaxd provide apreciseechnique

for forest structure measurement.
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1.0 Introduction

The forestan be defined amn ecosystem or assemblage of ecosystems that majorly included trees
and other woody vegetati¢h]. A forest has a different vertical structasthere arezariouslayers

of plants that can be recognized from the ground to the top of the tree. Each of thesks layers
usually composed of one or more dominant types of plants. There are many tigpestsfinthe

world such as tropical rainforssMediterranean fosss, temperate forestconiferous forestand
others. Each typef forest has different characteristics arghaviorthat is also known as forest
structure such as basal area, biomass and othdrepicalforests such as Malaysia, the forest is
usually very dense anfiill of diverse plants such as trees, shrubs, vines and epipkide=over,

each forest type Isaa different foreststructure in terms of its species, diversity, population
structure, biodiversity and othdgy.

The structures a basicterm thatrefersto the patterns and relationships between the
elements within a weltlefined system. The characteristics of a forest ecosystem, including biomass
production, biodiversityand qualityof ecosystem services, can be best determinedandlge
scope for its structure. For the forest structure, it can be defined as the conditions that describe the
way of trees are being distributadthe forest [3]For diversity, it can be related specific forest
structure in some aspects of heterogegeir richnessMany elements can be reflectedthe
structure of thdorest basedn a variety of attribute$4]. The attributes of aboveground biomass,
abundance, basal area, canopy height and plant density can be referred to deirie e forest
structure. Each of the elements netedbe combined so that standard structure can be determined.

Forest structure is one of the main aspects of forest managérnergpatial distribution
of certain tree types is demanded to dmalyzedby landscape ecology researchf8s The
distribution ofelementsthat fall inside or outside of forest land is more interesting rather than
measuring the single trees. As for that, structure and diversity are the important fisatioas
characterizea forest ecosystem. In addition, the knowledge of forest structure and diversity
necessary to studprest dynamics, plardnimal interactions and nutrient ¢yg [5]. However,
there aremore difficult in describingcomplex spatial structures than gl® ones based on
frequency distributions.

It is worthless to simply add together the variongasures angroduce some average
quantification of forest structure [4Threemain attributes of forest structure were extracted in this

research. Those thraedtributesverecanopy heightplant densityand basal aredhe first element
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was canopy heightisuallyused to describe the average height of the top of the tree carpy.

second elementasplant densityusuallydefined as the amount of space left®en plants when

planting a garden, field or other landscaping plahite last element wasbasal area referred to

as the common term used to describe the average amount of an area (usually an acre) occupied by
tree stems. All of the tree elements weh®sen because of their major roles in presenting the
relationship and pattetmetween trees in the forest that alsffected the forest structure, [37].

The @nopy height of the tree is an important element that can show the competition
between the trees in the forest to get sunlight and energy sotliterefore the relationship
betveen the trees can determinedas the competition to get sunlight betweesnthwas identified
[6]. Forest canopy height showed the highest vegetation components above groumdieles,
essential in normalizing micrometeorological parameters and in estimating forest biomass and
carbon poolsHowever, previous definitions of forest canopy height from inventory data bear
uncertainties owing to arbitrary criteria of tall trees accounting for top hi@pht

Subsequently, plant density is very important as it can be used for describing how much a
siteisbeing used and the intensity of c@.nipusti ti on
the pattern and relationship between the distributions of the trees in the forest can be presented as
the characteristics of the site or forestre determined Besides plant density is an important
agronomic factor that manipulatéise microenvironmentof the field and affectshe growth,
development and yield formation of crdgs.

As forthebasal area, it is used to determine more than just forest stantydinsialso
linked with timber stand volume and growBy referring to the timber stand volume and growth,
the distributionway of the trees in the foresan be presented. Moreoyé#re basal areads often
the basis for making important forest managatdecisions such as estimating forest regeneration
needs and wildlife habitat requirementd]. By combining all three elements of canopy height,
plant density and basal arehe overall forest structure can be extracted that shibhesverall
relationship and pattern of the trees in the forest.

The precise estimation @rest structurés vital for some appliations including ecological
modeling and carbon budget. Light detection and ranging (LiDA&jsure¢he threedimensional
structure of vegetation utilizing laser beams. Most LIDAR applications today depend on airborne
platforms for data acquitions, which commonly recortletween 1 and 5 "discrete” returns for

each laser pulse. While airborne LIDAR permits examining of covering attributes at stand and
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forest level scales, there @&sproblem as largely insensitive to below canopy biomass such as
understory and trunk volumes as these elements are often blocked by the upper parts of the crown,
especially in denser canopi8]. As a complement to airborhéDAR, various previous studies
utilized terrestrial laser scanning (TLS) for forest struetguantification in spatially restricted
regions. Many TLS instrumesitanconfigurea fully digitize of the returned energy of an emitted

laser pulse to establish a complete profile of the observed vegettinents [10

Furthermore, lte limitations of airborne LiDARareusually related to the capacity of the
system to detect individlicanopy elements. The factors of spatial density of the laser returns, size
of the LIDAR footprint, scan angle and instrument poaraffecting the LIDAR capability. As
for that, airborne instrumentgeoften unsuccessful in observing important aspeétthe lower
canopy and stem structure when these elements are blocked by the uppefI@ndpyreover,
the data collected from airborne LIiDAR is lesstablefor describing the woody component of
vegetation because the vertical projection of theasteontains onlglittle information about their
shape and volume. These woody components, however, may contain a significant proportion of a
stands biomass.

In addition, quantitative forest estimations have generally been recorded utilizing manual
grourd-based survey procedurfisl]. Whilst estimations, for example, tree diameter and height
had been done effectively by utilizing this system, it is more challenging to acquire exact
estimations of parameters, for example, tree taper without really fadikngee. Similarly, manual
estimations are inclined to some level of estimation error. Therefore, the use of terrestrial laser
scanning in producing quantitative forest parameters at théepkdtcan be implemented. Based
on theprevious researclt,is suggested that the determination of the forest parameters such as tree
diameter, taper and tree height can be measured directly from the laser scan point clofid yeturn
29].

There is study that reported that many previous studies have used grbasedor
terrestrial LIDAR systems (TLS) as the accompaniment to airborne measurements, which can be
used for describing canopy structure in a bottgnrather than a tegown approacliplO]. There
are some fundamental dissimilarities in the way LIDAR and TuSneaasure the distribution of
foliage elements within a canopy. Firstly, the objects éinatloser to the instrument Y@amore
capability in producing eneasurableeturn. Therefore, LIDAR is probable to collect more detailed

information about the upper canopy, while TLS is expected to provide a more detailed evaluation
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of the lower canopy. Thus, the integration of LIDAR and TLS can be \s&=fulin determining
theforeststructure of a dense forest as both of themfulilill the requirement of upper and lower
canopy assessmerfigo].

This study aimdo mapthe forest structure by using laser scanning technology data. The

aim is supported by the following specifibjectives:

i.  To generate Canopy Height Model (CHM) from airborne LIiDAR data.
ii.  To produce individual tree crown lileeation and estimate plant density using LIiDAR data.

iii.  To calculateahebasal area using DBH extracted from Terrestrial Laser Scanning.

2.0 Materials and Method

The methodolog is divided into four phasesamely data collection, data ppeocessing, data
processing and result and analys$igg@re1). The firstphases focusing on collecting terrestrial
laser scanning (TLS) data and field d&téhile theLiDAR datathatwasacquired in 2018as been

used as primary datdhe second phasgenerally involves the pserocessing procedure of both
LiDAR and TLS data. For LIDAR data, it will undergo the process of filtering the point clouds to
the gound points. Meanwhildor TLS data, the registration of the point clouds generated from
different scan stations, noise removal and extraction of the individual trees will be done in this
stage.A noise removal process is required to cléhe point cloud of individual trees from
understory egetation and neighboring trees taenot needed and could lead to misinterpretation

of the single tree.
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Figure 1. Flow chart of the research

The third phase is majorly devot&mlextracting the attributes of the forest structure. In this stage,
for LIDAR data, the canopy height model (CHM) will be generatadithe individual tree crown
ddineation will be produced for estimating the plant dgndMeanwhile, for TLS data, the 3D
model of the trunk will be generated by usmfgnce and region grang tool for extractinghe
diameterat breast height (DBH) of each tree and next the basal area calcwasoronducted
The fourthphasas the assessment of results using root mean squar€RM&E), correlatiorof

determinationmean biastest and probability value.

2.1 Study Area

The study area of this research is in Lagong Hill Forest Redenest campusi-RIM that has
beengazettedas a reserve forest. The forest is located in Kepong, Selangor that was approximately
20 kilometersaway from the Kuala Lumpur city. It has a total area of 3624.1 hectaress that
surroundedy a planted forest where the trees are being replanteded¥er, Lagong Hill Forest

has an altitude of 290 meters up to approximately 575 meters at the peak. The area is a humid area
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that hasan average daily temperature of 27°C to 32 °C. It has abundant rainfall of 2000 to 2900
mm. Various species of trees cha found in this forest such as Dipterocarpus Baudii, Strombosia
Javanica, Litsea, Dryobalanops Aromatica and others. Lagong Hill Forest Reserve also
surroundingoy Dipterocarp trees that can grow very tall and largelong time. The trees in this
forest havea height between 25 m to 45 m for certain species. The reason for selecting the Lagong
Hill Forest, FRIM as the study area is becanisi can represent the tropical forest characteristic

very well which is needed in this research.
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Figure 2. Studyarea in Forest Campus, FRIM

2.2 Data Collection

The field data collection of individual tree measurement involved two different approaches which
areaconventional method and terrestrial laser scanning. Both measureares@sied out in the
same study area that included three forest plots of 25 m radius circular shap&gg(se8).
However, before the process of scanning, the process of markingle tree must be done by
marking the tree with uniquenumber and tree measurement sudhekcation of trees, diameter

at breast height (DBH), tree species, tree height (whenevablgdsand crown base height are

recorded in a special forfihe tree measurements are made for only the titesishada diameter
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at breast height (DBH) of 10 centimeters and ab®he. locations of trees were measured using
total station (TS) with local coordinate reference observed by static GPS in the op€erabitea.
shows the list coordinate of center plot (CP) and scan Stations (SC) of TheRR80 Rectified
Skew OrthomorphicCoordinate System.
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Figure 3. Location of Plot 1, Plot 2 and Plot 3

Table 1. Coordinate of Center PIGCP)and Scan Statio($C)of TLSin RSO Coordinate System

Location Plot 1 (E,N) Plot 2 (E,N) Plot 3 (E,N)

CP/SC1 404459.37,358213.38  404533.93,358208.12 404618.72,358197.76
SC2 404457.22,404457.22  358226.23,404531.33 404635.24,358195.33
SC3 404442.93,358220.68 404512.65,358204.10 404616.40,358218.91
SC4 404457.95,358192.60 404532.92,358187.86 404599.77,358198.82
SC5 404479.98,358213.10  404561.25,358212.57 404611.83,358182.84

Detailed measurement of individual trees was assisted tbyrestrial laser scanner (TLS) and

LiDAR data. As for that, all three plots will be scanned by the TLS with 5 scanning pssitiain

includeone position in the center and four positions atetthge ofa plot (Figure4). The data will

be by ng Terr-aoinrei dlasledTade?)aldanamni

whichis used for acquiring highly detailed and accurate data.

coll ected usi

80



- ~~

LEGEND
@ Centre plot (1* scan station)
274,319 gth & 5t scan station
$ Tie point

Figure 4. Laser scanning configuration faforest plot

Table2.Lei ca Cih-On ¢ “ A& $ e specicatmm ner ” )

Type Specification
Wavelength Green; 532nm (visible)
Scan Rate Up to 50,00(pointdsec
Field Of . . . .
. 360° on horizontal axis; 270° on vertical axis
View
Position: 6mm; Distance: 4mm; Modelled surface
Accuracy precision/noise2mm; Target acquisition: 2mm std.

deviation

LiDAR data had been collected in the year of 2018s data was acquired from AAM Pty Limited.
The data is &igh-density discrete pulseased backscattered LiDARith 8.6-point densitythat

covered 89 hectared area.The details about the airborhdA R data are shown ifable3.

Table 3. Specification of LIDAR data

Type Specification
Ground points 93287
Never classified points 737606
Intensity 1038
Point Density 8.5999 per m?
Point Spacing 0.341
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2.3 Data PreProcessing

For LIDAR data, theore-processing phase will be involved the process of filtering the point cloud
into the ground point. In this sy, the software used is ALDPAT which is an open source. In this
software, there are many different algorithpnevided However, he algorithm usedah this study
wasthe Adaptive TIN (ATIN) Filterwhich uses the distance afpoint on the surface of a TIN to
select ground points from LIiDAR data sets. This filter will select a few low points that are most
likely a terrainsurface thafurther will betriangulated t@roduceTIN. The main strength of this
algorithm lies in its ability to handle surfaces with discontinuities, whi@hparticularly useful
characteristic in urban aref].

Meanwhile, forTLS data, the prprocessing péise included the process of registration
whereeach scanning position will be registeredo the local coordinateystem Using TLS for
generating theoint clouds of trees in foresreasrequiresmultiple scanning processsesch as
wise selection of saaning positions. This iga very crucial aspect irensuringthe production of
detailed and dense point clouds for individual tréesch point cloud produced atdifferent
scanning positiowill be combined and registered using common tie points located in the selected
points in each forest plot. The highly reflective tie points were located randomly in the field and
should be seen by all scanning positions. The point clouds will be tnatsterthe local ground
coordinate system by using the real coordinate measurenoehiced by TS and GPS.

After that, the registered point clouds of TLS will undergo the process of removing noise
for individual tree delineationThe roise removal processivolves clearing and deleting the
unwanted point cloud from the targeted individual tree to avoid confusion and complekigy in
data processing. The noises that need to be removed such as bushes, undesstaighieeuring
trees and ground surfacgubsequentlythe individual tree extraction is done wherecae sea
clear view of the point clouds that represg@mindividual tree. Therefore, the process of extracting

diameter at breast height (DBH) can proceed in the next step.

2.4 Estimation ofCanopy Height Model (CHMusing LIiDAR
The Canopy Height Model (CHMyas generated throughe subtraction othe Digital Terrain
Model (DTM) from the Digital Surface Model[PSM) also a digitarepresentation of height [IL3

Moreover the creation of an accurate DTM is the first step in extracting reliable canopy heights
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from LIiDAR data. This is very crucial &ise accuracy of deriving the ground elevatiendirectly
affectthe acaracy of measuring tree heightst]. Therefore, by using the filtered LIDAR data of
pre-processingesultsthe creation of DTM and DSM can be made. Ldtgrsubtracting th®SM
from DTM, the output of CHMwill be producedas shown in equatioh

CHM =DSM-DTM 1)
Where

CHM = Canopy Height Model;

DSM = Digital Surface Model; and

DTM = Digital Terrain Model.

2.5 Individual Tree Crown Delineation using LIDAR Data

The CHM will be used for creati the individual tree crown tieeation thatrepresentshe crown

of everysingle tree in the forest and the number of trees or tree counting process can be made.
There are many different algorithms that had been introduced foealatigp an individual tree

crown. For this study, the algorithm usethis®inverse watershed segntation algorithrhwhich

has the capability in achieving high accura@gnd fast computingf tree crown delineation.
Furthermore, this algorithm involved three important stégufe5). The final output will be the
individual crown for eackree thashows the boundary between one tree crown and another. Thus,
that individual tree crown can be used for indicating the number of treésrgstithatis required

in measuring the plant density of the forest.

e 1

Read the CHM and Fd e
Convert it fo - }\ . S
Groyscole k¢ %

Use Gradient
Magnitude as
Segmentation

Function
AR
AT
Transform the 11.3.
Gradient Magnitude :1"‘."
into Wateshed NS

Figure 5. Steps of Inverse Watershed Segmentation using CHM
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2.6 Measurement of Plant Density

“Density” in plant ecology is definedocars t he
within a given sample unit or study arg&)]. Density is often used in a vegetation survey to
describe a species’ status in a plant community. Yet, there are several problems that could occur in
obtaining an estimate of density. Included are the definition of an individual tiargize and

shapeof a sampling unit with associated boundary errors for inclusion of a plant within the plot
area, andheuse of estimates from variable area plbitghis study, the number of trees is obtained
through the process of crown delineation of Cldil the ovell procedure is shown iRigure6

below

Identify the number of trees
in the forest [referred to as
number of the tree crowns
of the individual free crown
delineation result)

| Determine the area of the forest (usually in ‘

hectares)

1

{ Divide the number of frees with the forest area ‘

]

Flant density = 2825 [tree crowns)

&% hectares (forest areq)

= 40 trees per hectare

Figure 6. Procedures of Plant Density Estimation
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The measurement of plant densityeneratedy dividing the number afeesby the unit area of
the forest with the output of trees per hectare as shoequation 2).

Plant density Number of tree (2)
(tree per hectare) Area

Where

Number of tree

Number oftreesin forest; and

Area Areaof forest(in hectare)
This plant density is very important as it can be used for describing how muclsdsitey used

and the intensity of competition betweemr ees f or t HAB site’ s resource

2.7 Extraction of Diameter at breast heigiDBH) using TLS Data

Diameter at breast height is referred to the diametertife stemmeasured at breast level as a
convenient way of measurement during which one does not need to bend his waist or climb up a
ladder to take the measurement. For a more precise measurement, there is a need to standardize the
“breast hei gh atés, DBH s measueed dt)anheighd.g feed (L.3netery above
ground[16]. In this studythe DBH valuesare extracted from the TLS point cloud by usitig

Cyclone algorithnthathadthe capabilityin providing point cloud users with the widest setvofk

process options for 3D laser scanning projects in engineering, surveying, construction and related
applications.

Figure7 shows the overall procedure of DBH extraction using TLS data based on the result
of individual trees extracted before, a further step of extracting DBH is proceeded. By using the
Fencing method, select the tree stem at breast height (1.3 meters) mod&»f the selected tree
stem is generated using the Region Grow method. For the Region Grow method, there are two
different shape selections of cylinder and sphere. In this study, the shape used is cylinder as the
tree stem is in the cylinder shape Battthe diameter of that particular tree stem can be extracted

from that 3D model that will be referred to as a DBH.
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Fencing method forselecting the
stem at 1.3 meters from the ground

!

3D cylindrical model of the fence
(diometer of the cylinder is applied as
the DBH of the correspond tree)

|

3D cylindrical diometer value is
assumed as the DBH walue
(T4.2 cm)

Figure 7. DBH Extraction Process

2.8 Calculation of Basal Area

Basal area is the common term used to describe the average amount of an area (usually an acre)
occupied by tree stems. It is defined as the total eestonal area afn individual treén a stand
measured at breast height, and expressed as per Ulamitdodrea (typically square feet per acre)

[9]. Before, the usage of stem density and DBH were being implemented in calculating basal area
[17]. However, as the trees grow, the stem density bexoraaninglessespecially in estimating

the timber volume ahit is sufficient foradiameter of trees at DBt determinehow many trees

per acre it taketo make a given basal area][Il/he basahrea can be calculated by usaggation

(3) as shown below:

Per tree:
Basal area per tree= 0.005454x (DBH)? 3)
(square feet)
Where
0.005454 = “foresters constahtwhich convertsnches into square feet; and
DBH = Diameter at Breast Height.
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2.9 Accuracy assessment
Assessmens a compulsory procedure in order to determine the accuracy of the estimated canopy
height, plant density and basal area by usingemote sensing approach of laser scanning
technology for the whole study area. For canopy height and basal area calctiiatitifference
of resuls derived using laser scanning technologies are being compared with theatieldnd
analysed with RMSEBIAS, t-test and probability valuén addition acorrelation of determination
(R?) was made to show the dependencydafabetween results obtained from laser scanning
technologies with the field data.

Root Mean Square Error (RMSE) (also known as RoarMequare Deviation) is one of
the most widely used statistics in GIS. RMSE can be used for a variety of geostatistical
applicationsRMSE measures how much error there is between two dafasetgquation (4))
RMSE usually compares a predicted value am@bserved value.

RMSE 1o, )

— (e, — m,—f
".l ni

Where
e = estimated value;
m = measured value; and

n = numberof sample

In statistics, the bias (or bias function) of an estimator is the difference between this estimator's
expected value and the true value¢hef parameter being estimatséde equation (5)An estimator
or decision rule with zero bias is called unbiased. Othertfiseestimator is said to be biased. In
statistics, "bias" is an objeee statement about a function.

BIAS I <

— X (e—m) (5)
=]

Where
e = estimated value;
m = measured value; and

n = number ofsamples
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3.0 Results and Discussions
The results thatvereobtained in this study included the generatbthe CanopyHeight Model
(CHM), plant density measurement, extraction of Diameter at Breast Height (DBH) and calculation

of basal area.

3.1Estimation of Canopy Height Model (CHM)

Canopy Height Model (CHM) can be generated by using LIDAR data as stated Bdfere.
overview of CHM is to display the variation thfe height of the study area onto a map which can
be used for further analysis dsosvnin theFigure8. While, Table4 refers to thelescription of
tree height foatotal of 60 tree$rom LIDAR and field measurement dataPlot 1, Plot 2 and Plot

3, respectively.

Canopy Height Model (CHM) of FRIM
Campus, Kepong, Selangor

Figure 8. Map of Canopy Height Model (CHM) of FRIM Reserve Forest, Kepong
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Table 4. Description of Tree Height for 60 trees

No. Tree No. Tree Height No. Tree Tree Height No. Tree No. Tree Height
No.
Plot 1 LiDAR Field Plot 2 LiDAR Field Plot 3 LiDAR  Field
Data Data Data
1 A0l 28.79 34.00 21 BO2 24.882 20.690 41 co1 23.979 23.442
2 A02 38.382  42.233 22 BO3 24973  20.450 42 Cc02 16.842 15.205
3 A03 29.423 32.302 23 BO4 30.210 25.578 43 C03 27.775 26.000
4 A04 24223  26.090 24 BO5 34.401 29.204 44 Cco4 38.876 36.451
5 A05 36.141  37.000 25 BO6 25.974  20.500 45 C05 24,733 21.842
6 A06 32.861 33.700 26 BO7 38.317  32.740 46 Co06 35.357 32.068
7 A07 20.667 21.390 27 BO8 31.350 25.470 47 cov7 28.921 25.008
8 AO8 24857 25.460 28 B0O9 27.264  21.320 48 cos8 28.743 24.780
9 A09 32.741 33.00 29 B10 26.889  20.739 49 C09 39.563 35.573
10 A10 29.192  29.000 30 B11 37.208 30.216 50 C10 27.414 23.259
11 All 23.979 23.442 31 B12 30.28 23.020 51 C1l1 24.882 20.690
12 Al12 16.844 15.205 32 B13 32.387 24.620 52 C12 24,973 20.450
13 A13 27.775 26.000 33 B14 34.809 27.000 53 C13 30.210 25.578
14 Al4 38.876 36.451 34 B15 33.248 25334 54 Ci14 34.401 29.204
15 A15 24733 21.842 35 B16 29519 21.120 55 C15 25.974 20.500
16 A16 35.357 32.068 36 B17 29.210 20.730 56 C16 38.317 32.740
17 Al7 28.921 25.008 37 B18 34.042 25.560 57 C17 31.350 25.470
18 A18 28.743 24.780 38 B19 25.977 17.360 58 C18 27.264 21.320
19 A19 39.58 35,573 39 B20 31.144 21.420 59 C19 26.889 20.739
20 A20 27414  23.259 40 BO2 30.545 20.667 60 C20 37.208 30.216
o 50 Correlation of Tree Height between LiDAR & Field
< 4 o
= y = 0.8935x - 0.5636 o
w5 0 R? =0.5792
£ 20 ®
o0 ® Tree
o 10
T
¢ 0
; 0 5 10 15 20 25 30 35 40 a5

Tree Height of Field Data

Figure 9. Correlation of Tree Height between LIDAR & Field Data
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Table 5. t-test: Paired Two Sample for Means

Variable 1 Variable 2
Mean 16.844716 15.2057
Variance 25.94685774 36.2208
Observations 60 60
Hypothesized Mean
; 0
Difference
df 59
t Stat 3.01122
P(T<=t) onetalil 0.001753
t Critical onetail 1.671093032
P(T<=t) twotail 0.003506
t Critical two-tall 2.00099537¢
Hypothesis:
H s HLIDAR =HField/ p = 0

HiHLi DAR # HField /| p #

Thep-value 0.009 islesst h a n 0 .rd)ebted wiikre theras is sufficient evidence to conclude

that the population correlation®t equal to O.

Table 6. Statistical Analysis Resuttf Tree Heighof Field and LIDAR Data

RMSE Mean Bias R2 t-test/df
(p-value)

5.415 3.764 0.579 3.01159
(0.004)

The statistical aalysis results as abovddble 6) show that the RMSE and correlation of
determination (R?2) analysis give significant test results for the comparison of LIiDAR tree height
and field tree heigh(Figure 9 andTable5). Based onFigure 9, it shows medium correlation
betweerthetree heights of bbtmethod with 57.9per centdependency of the tree height LIDAR
with the tree heighof thefield. The RMSE and Mean Bias values arederatehat indicats the
moderatedifference between treeeightsof both methodsThe reason of this error happened is
because of the possibilithat the identifiedtree tops in the LIDAR were actualgoming from
LiDAR hits within the crown and not the true topthe treg18]. Thus, the identified tree height
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is not the actual heightthrass upposedly directly me alBowaver,d
thisalsocan be due to the mistake in field measurement as there are some vdseh the tree
height istoo high (more than 75 meterf)at overlapped ith the other treeas tropical rainforest
hada very close gap between the treexl difficult to recognize thpart of the crown that was
directly over the bas&hus it could lead to the misinterpretation of the tree hdigét Therefore,
based on the statistical analysisows the capability artle use of LIDAR in measuring the forest

structure parameterg(.

3.2Measurement of Plant Density
Plant density is measured by dividing the number of iredee foresty the forest area agtated

before.
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Figure 10. Map of Individual Tree Crown Delineation of FRIM Reserve Forest, Kepon

fron

Figure10 shows the overall result of individual tree crown delineation of LIDAR data that covers

the FRIM Reserve Forest. The calculation of plant density of overall LIDAR datede by

dividing the total number of trees which is 3625 with the area of 89 hectares of the LIDAR data.
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The result of plant density was 40 trees per hectare. The result of plant density is influenced by the
generated tree crown delineation. The resuflaht density estimation will be more significant if

the result of the individual tree crown delineation is accumatdetermining the number of trees

in the forest [21]

Individual Tree Crown Delineation of Established Plot
in FRIM Campus, Kepong
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Figure 11. Map of Individual Tree Crown Delineation of Each Plot in FRIM Reserve For
Kepong

Figure11 shows the result dhdividual tree crown delineation of CHM generated from LIiDAR
data for each plot. The tree crown for each individual trees are shown as the polygon that

representing the boundary of their own crowns.

Table 7. Comparison of Plant Density between Fiafl LIDAR Data

Plot (Field) (Field) (LIiDAR) (LIDAR)
No. Of Plant Density No of Plant Density
Tree Tree
1 46 1 tree per h 49 2 trees per
2 60 2 trees per i 64 3 trees per i
3 53 2 trees per 40 1 tree per h

Table 7 represents the comparison of plant density for each opltite whereit is not much
difference bewveen field and LIDAR plant density. Tlig#ferenceis only onetree per rifor each

plot as the plant density is calculated basethenumber otreesper area (). This is partly due
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to canopy outspreading where the spacing between tree crowns is often less thhich lad to
difficulty in differentiating the individual tree crown for each t{éé).

3.3 Extraction of Diameter at Breast Height (DBH) from TLS

Diameter at Breast Heng) (DBH) is obtained through the process of asiemoval up to the single
treeextraction. As the single tree is extracta@D model ofthe tree stenwill be produced and

the value of its dimeter can be obtainegigures12 and13 show the result of prprocessing of

the TLS data of removing noise and extracting individual tree.

i
1
i

Figure 13. Individual Tree Extraction of TLS Data
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Based orFigure 12, theresult of removing th@oise and all of the unwanted d#tat represent
only the trees is basically done using the fencing technique that produced tlezdamiised a
rectangleand determined the area to be remowatther theinner or outerectangle To obtain a
very quality of 3D modeling the process of removing noiseedso be performedwhich finally
produced an indidual tree stands as gure13[23].

Figure 14 shows the 3D cylindrical model of the tree stem of an individual tree at &r3 met
above the ground. The diameter value can be obtained from the object info properties of that
cylindrical model. A similar procedure and result are obtained from all of the selected individual
trees. The extraction process of DBH of TLS point cloudgi€iyclone algorithm gave a very high
accuracy as it is not much difference between the DBH extracted using Cyclone algorithms with
the DBH measured in the field. Moreover, the capability of the Cyclone algorithm in fitting the
cylinders that representecetiree stem also provides an optimum result of the DBH value of each
individual tree [24]. Table 8 shows the description of DBH for 60 trees observed using TLS and

field measurements data, respectively.

Figure 14. Cylindrical 3D Model of tree stem
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Table 8. Description of DBH for 60 treefsom TLS and field measurements data

No. Tree No. DBH No. Tree DBH No. Tree No. DBH
No.
Plot 1 TLS Field Plot 2 TLS Field Plot 3 TLS Field
Data Data Data
1 A0l 35.1 35.3 21 B02 18.3 19.1 41 co1 32.3 34.5
2 A02 47.8 47.0 22 BO3 75.7 69.9 42 C02 55.9 52.2
3 AO03 43.7 43.5 23 B0O4 70.9 71.1 43 Co03 42.4 42.2
4 A04 37.2 38.3 24 B0O5 67.4 64.3 44 Co04 36.1 384
5 A05 36.3 35.1 25 B06 34.8 334 45 CO05 51.1 53.8
6 A06 99.6 99.6 26 BO7 79.8 75.6 46 Co6 47.8 48.4
7 AO07 18.3 19.1 27 B0O8 324 33.9 47 co7 62.5 61.1
8 A08 40.1 39.7 28 B09 28.2 20.9 48 co8 58.4 56.9
9 A09 18.5 194 29 B10 54.2 56.1 49 C09 72.4 75
10 A10 59.2 61.6 30 B11l 21.6 22.6 50 C10 74.9 74.8
11 All 72.4 69.9 31 B12 22.9 19.1 51 Ci11 57.2 55.2
12 Al2 554 61.8 32 B13 48.0 53.7 52 C12 34.3 34.1
13 Al13 45.4 44.2 33 B14 56.0 52.6 53 C13 64.8 64.2
14 Al4d 29.5 28.6 34 B15 52.3 495 54 Cil4 27.4 28.5
15 Al5 40.1 40.8 35 B16 38.9 34.1 55 C15 69.1 68.6
16 Al6 41.7 40.3 36 B17 17.6 18.1 56 C16 100.1 99.5
17 Al7 36.1 37.3 37 B18 60.2 62.6 57 C17 90.7 90.2
18 A18 73.4 72 38 B19 59.9 56.7 58 C18 82.0 80.5
19 Al19 33.0 33.9 39 B20 58.2 57.7 59 C19 85.2 84.0
20 A20 27.4 23.3 40 B02 59.6 66.0 60 C20 1125 111.2

3.4 Calculation of Basal Area

Basal area is calculated for each tree based on the formula stated before. The result of basal area

estimation for FRIM Reserve Forest is shown as inRigeire 15. The result of basal area for

overall 60 trees of the tbe plots is shown below éble9). The output of basal area is in the unit

of square feet per acre.
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Table 9. Description of Basal Area for all tree plots (60 trees)

No. Tree No. Basal Area No. Tree Basal Area No. Tree No. Basal Area
No.
Plot 1 TLS Field Plot 2 TLS Field Plot 3 TLS Field
Data Data Data
1 A0l 1.053 1.039 21 B02 0.308 0.283 41 Cco1 1.006 0.880
2 A02 1.867 1.928 22 B0O3 4,130 4,844 42 C02 2.304 2.640
3 AO03 1.600 1.614 23 B04 4,274 4,250 43 Co03 1.505 1.521
4 A04 1.240 1.169 24 B0O5 3.495 3.840 44 Cco4 1.247 1.100
5 A05 1.042 1.115 25 B0O6 0.943 1.024 45 CO05 2.447 2.203
6 A06 8.386 8.381 26 BO7 4,832 5.383 46 Co06 1.980 1.928
7 AO07 0.308 0.283 27 B08 0.972 0.887 47 co7 3.156 3.301
8 A08 1.332 1.362 28 B09 0.369 0.672 48 Cco8 2.737 2.885
9 A09 0.318 0.291 29 B10 2.661 2483 49 Co9 4,755 4,430
10 Al0 3.208 2959 30 B11l 0.432 0.394 &0 C10 4,730 4,746
11 All 4.130 4430 31 B12 0.308 0.443 51 Cl1 2.576 2.761
12 Al2 3.229 2592 32 B13 2.438 1.948 52 C12 0.983 0.994
13 Al13 1.652 1.743 33 B14 2.339 2.651 53 C13 3.484 3.546
14 Al4d 0.691 0.734 34 B15 2.071 2312 54 Cl4 0.687 0.636
15 Al5 1.407 1.362 35 B16 0.983 1.279 55 C15 3.978 4,035
16 Al6 1.373 1.467 36 B17 0.277 0.262 56 C16 8.369 8.467
17 Al7 1.176 1.100 37 B18 3.313 3.064 57 C17 6.878 6.951
18 A18 4.382 4555 38 B19 2.718 3.033 58 C18 5.478 5.690
19 Al19 0.972 0.922 39 B20 2.814 2.863 59 C19 5.965 6.139
20 A20 2.348 2433 40 B02 3.682 3.003 60 C20 10.453 10.703

The result of basal area estimation for FRIM Reserve Forest is shown agigutel5 below:
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Basal Area of FRIM Reserve Forest, Kepong, Selangor
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Figure 15. Basal Area of FRIM Reserve Forest, Kepong

While the statistical test ofhe Basal area of field data and TLS datagiven inTable10:

Table 10. Statistical Analysis Result of Basal Area of Field and TLS Data

Plot RMSE Mean Bias R2 t-test/df
(p-value)

Plot 1 0.179 0.012 0.991 0.984/19
(0.393)

Plot 2 0.332 -0.078 0.956 0.873/19
(0.305)

Plot 3 0.167 -0.042 0.997 0.012/19
(0.273)

The statistical aalysis results as abovddble 10) show that the RMSE and correlation of
determination (R?) analysis give significant test results for the comparison of TLS basal area and
field basal area. For the correlation of determination (R?), it showesry height correlation

betweernthe basal area ofdih method with morethan95 percentdependency of the basal area
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TLS with thebasal aredield for all three plotsThe RMSE and Mean Bias values &ezy low
whichless than one. Thiadicateghat there is not mudtifferencebetweerthebasal area obtained
of both methodsTo getanaccurate basal area, we first need to have a very good quality DBH as
it is the only parameter used to calculate the basal Acearate DBH measurements could be
derived if theTLS sensor's view is unobstited by branches amdher object$25]. Furthermore,
the forest application using TLS has also extended beyond traditional inventory parasigt&s
seems welpoised to address the limitations of traditional foreeasurementHowever, there are
probaly two mainshortage®f using TLS in foresapplicationsastheforest usually has trees in
dense stands thatesometimes partly shaded by other traed branchesould be confused with
tree stem$26]. In this study, for overcoming the problems of branches and obis¢ructionsthe
process of removing those poatbudsis done carefully to ensure only the selected point cloud of
single tree stems can be obtainElaus, the accurate DBH can be egteal based on th#tesingle
tree stems that also give the accurate basal area.

Basal area is a useful index for understanding fewddtife habitat relationships and
making timber harvest decisions [9]. Subsequetitiybasal area is used to determimere than
just forest stand density; it is also linked with timber stand volume and growth. Therefore, it is
often the basis for making important forest management decisions such as estimating forest
regeneration needs and wildlife habitat requiremeni® Manipulation of stand basal area to
achieve forest management goals can be as important as the use of prescribed fire or other

vegetation treatments [9].

4.0 Conclusion

Airborne laser saaing technologies of LIDAR anBerrestrial Laser Scanning (TLS) can be used

in themeasurement of the forest structure elements suchnapy height, plant density and basal

area. The process of estimating the canopy height is easily done using the Canopy Height Model
(CHM) that was geerated from the LIDAR datalhe plant counting thatvas required in
determining the plant density of thierestwas done by producing the individual tree crown
delineation from the CHM that was generatetheprevious stage. The TLS is used for extragti

the diameter at breast height (DBH) value that was used for calculating the basal area of each tree
of the forest. As a result, this study proved that laser scanning technologies of LIDAR and

Terrestrial Laser Scanning has the capability in measurafptiest structure as the result of this
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study showedhe optimum and positive resutir all threeforest structure elementFor canopy

height it shows the root mean square error (RM8E5.4146 t-test of 0.004 ang-value of 0.997

which indicates thenedium dependencies between the LIDAR and field measurement. The error
that can contributéo this problem is the difficulties in determining the actual outmost canopy of
the tree®ither using LIDAR or in the field measuremdndr the plant density meagment, there

is not much different between the field observation and the one that was generate®Akéhas

only £ one tree per m2 for all tree plotis is due to the capadity of LIDAR to produce detailed

and accurat€anopy Height Model (CHM) anddividualtree crown delineation that indicate the
number of trees in the forettat involved in plant density estimatidn basal area estimation, it
proved that TLS is very reliable in measuring the DBH that used for computing the basal area
calculaton with RMSE of less thannefor each plot (plot 1: 0.1789, plot@.3317, plot 3: 0.1671),

t-test plot 1: 0.984 plot 2 0.873, plot 3: 0.012and pvalue (plot 1: 0.393, plot 2: 0.305, plot 3:
0.273). The TLS implementation in determining basal area of forest gave the accurate result as
TLS can produced accurate DBH value that corresponding with the algorithnHasesizer, this

study also found seva limitations and shortage of both laser scanning technologiesndling

the problem of very dense forest with manymbersof trees that have very close gap between
each other that need to be solved with proper actions and solution as being apgpiedtudy.

Overall, this study had shown the use of laser scanning technologies in forest structure parameters

measurement that must be done for forest management and preservation for future generation.
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