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Abstract: Airborne LiDAR can obtain three-dimensional structural information of trees, get forest information by using
points cloud classification and calculation method of crown projection area and volume. From the distribution of points
cloud, the laser pulse formed once echo when encountered the bare ground and roof of the building,and the distribution of
the generated points cloud were smooth and continuous. The laser pulse penetrated vegetation would appear multiple
echoes , the distribution rules of the points would be destroyed, and the distribution were in an irregular shape such as
cluster-like. First, the points cloud of ground were extracted by triangulated irregular network, then the points cloud of
building were extracted by using planar-fitting filtering algorithm. Filter points cloud of building to get points cloud of forest,
and the points cloud of forest were projected onto x —y plane. The edges of points cloud of timber were extracted by using
the angle method ;its corresponding image was display ;the area of polygon were calculated by using area algorithm ;then the
calculation of the projection area of crown was achieved, combine the formula to calculate crown volume. In the study area,
10 experimental districts were randomly selected to carry out the traditional manual measurement. The experimental results
showed that the projection area and volume’ s correlation coefficient of the two measurement methods were 0.957 and
0. 944 respectively. The proposed method was feasible to achieve the accurate extraction of forest information that extracts a
wide range of tree crown projection area and crown volume rapidly and efficiently.
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. information could not be extract effectively’°'.
0 Introduction ' , ' , i
Airborne light detection and ranging ( LiDAR )

With the deepening understanding of vegetation technology was characterized by initiative, unrestricted

structure, vegetation function and ecological benefits, from light and shadow and had a certain penetration

the acquisition and monitoring technology of projection through ground objects, its detection capabilities of

area and the volume of forest canopy information get spatial structure of vegetation and topography were
more and more attention by government departments . . .
v 8 P strong, which could get the structural information of

and relevant industrym. These studies can detect the o . L .

. o trees and had a significant innovation in remote sensing
distribution of trees grow, study the distribution of trees [7-12]
. o . of forestry compared to other remote sensing data’ .
to help municipal administration departments get access
to accurate information timely, provide the basis for This paper uses the algorithm of points cloud

. . . classification and border search, calculation method of
biomass calculations of trees and other vegetation,

growth monitoring and management' >~
Traditional optical remote sensing technology was
limited by vertical resolution, could only get a two-

dimensional color information of trees, and the trees
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4] area and volume to achieve the extraction of projection

area and volume of forest canopy based on the airborne
LiDAR data, provides accurate data to support the

research and monitoring of the forest region.
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1 Research area and experiment system

The research area is located north of Jixian County
in Tianjin City, while connecting the cities of Beijing,
Tianjin, Tangshan and Chengde, the location is
117. 40°E, and latitude is 40. 05°N.

This research took Y — 12 transport aircraft as flight
platform according to LIDAR systems and regional
characteristics, in order to ensure good flight results.
As shown in Fig. 1a, this type of aircraft had oxygen
flight

devices, while suitable for a variety of environments

systems, recorders and proximity warning
and mountain plateau, etc. , average ground speed of
routes could be maintained at 230 km/h, the flight was
stable and safe. In September 2013, the flight was
starting when the weather was sunny, using ALTM -
NAYV flight control software was used to design route
according to range, terrain elevation and slope of the
The flight altitude was about

experimental area.

800 m.

(a) Y—12 transport aircraft

(b) ALTM Gemini LIDAR
Fig.1 Acquisition system of LiDAR data

The ALTM Gemini system used in experiment
including laser scanner, a direct geopositioning system
and digital camera, as shown in Fig. 1b. The system
used automatic multi-continuous pulse technology, it
utilized the powerful capabilities of processing software
HASHMap for the fast output of three-dimensional
coordinate data. Parameters of the system were shown

in Tab. 1.

Tab.1 ALTM Gemini system parameters

Parameters Value
Laser wavelength/nm 1064
Elevation accuracy/m 0.1

Horizontal accuracy/m 1/5 500 x relative flying height

Maximum pulse frequency/kHz 166
Single pulse-echo times 4
Double-beam scattering angle/mrad 0.25,0.8
Scan angle/(°) 0 ~ 50
Strength/bit 12
Camera resolution/ ( pixels X pixels) 7228 x5428
Pixel size/pm 6.8

2 Research methods

2.1 Extraction of ground, buildings and trees
points cloud

To analyze the three-dimensional information of
trees, firstly, the points cloud of trees should be
extracted from the points cloud collected by airborne
LiDAR. Steps were as follows: separate the ground
points, extracte regular points cloud rules, analyze and
calculate of the point cloud of forest.

2.1.1 Extraction of ground points cloud

(1) According to the given size set square grid, the
lowest point in elevation was extracted from each grid
as the ground seeds, and was added to the triangulated
irregular network ( TIN) for establishing the initial
ground model. The grid should be greater than the
maximum reference (trees or buildings) of point cloud
data typically.

(2) Traverse TIN, calculate the distance d which
was contained in each triangle triangulation to its
plane. If d was smaller than the set threshold, then set
this point as ground point, and add it to the ground
point group. Repeat this step until the points satisfied
the conditions were added to the triangle network,
completed iteration "’

Achieved extraction of ground points by the above
steps, and filtered the ground points, the remaining
were buildings points and trees points and other non-

ground points, as shown in Fig. 2.

Fig.2 Non-ground points after filtration ground points

2.1.2 Extraction of building points cloud

After filtering the ground points, the planar-fitting
filtering algorithm was used to obtain the building
points based on the characteristics of buildings and
trees points cloud.

(1) Distribution of building and forest points cloud

From the distribution of points cloud in space, laser
pulses encountered bare floor and roof of the building
formed once echo, the distribution rule of generated
points cloud were smooth and continuous™*'. While

the laser pulses penetrated vegetation will appear
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multiple echoes, the generated points cloud were
clustered, and the distribution were in irregular shape.

The cross-sectional view of trees and buildings points

cloud were shown as Fig. 3.

('b Corss—sectional vie of tress and buildings points cloud
Fig.3  Cross-sectional view of buildings and trees

(2) The planar-fitting filtering algorithm

In recent years, airhborne LiDAR data were mostly
filtered based on elevation mutations, commonly used
morphological filtering, elevation texture analysis and
12-10 In this paper,
which

needed to set multiple parameters to fit the approximate

topographic gradient filtering

planar-fitting filtering algorithm was used,

plane, as schematically illustrated in Fig. 4.

o=arctan(h/r)

Fig.4 Parameters illustration of planar-fitting

filtering algorithm

P, was the projection point of P, to the P, plane, r
was the distance between P, and P,, h was the height
from P, to P,, o was the inclination from P, to P,
plane. Set P, as starting point, calculated the adjacent
point P, whether contained in fitting plane of P,, the
conditions to be met:

r<r,
Ihl <h, (1)

a<a,
Where r, is distance; h, is height difference; o, is dip
threshold.
P, was the center for plane fitting. Calculate the r,
h and a between P, and its neighboring points.

Classify as P, fitting plane if conforming to the

requirements of Eq. (1). Then set neighboring point of
P, as the center fitting the plane, fitted all the points
met requirements to the fitting plane.

If the number of points meets the conditions was
greater than the preset threshold parameter m, then it
was classified to the other type of plane. The plane
fitting results were shown in Fig. 5. As could be seen
from the figure, the points cloud of building achieved a
perfect fit, and the remaining points cloud of forest had

been classified as non-planar.

(a) Optical image (b) Classification and extraction of points cloud

Fig.5 Extraction of buildings points cloud
2.1.3 Extraction of forest points cloud
Filtering points cloud of buildings as shown in Fig. 5,
the remaining part of the points cloud of forest were

shown as Fig. 6.

Fig.6 Points cloud of trees

The planar-fitting filtering algorithm was used for
classification of points cloud of suburb forest, since
there was no influence of the building, using this
algorithm classified all forest points cloud as non-planar
points, achieved the extraction of forest points cloud,

as shown in Fig. 7.

(a) Optical image csgia (b) Classification and extraction of points cloud

Fig.7 Points cloud classification of suburb
Setting the parameters for each step was an important

factor in achieving good classification results,

according to the characteristic of classification data to

set parameters.

2.2 Forest canopy projection area and volume
calculations

After extraction of the points cloud of forest,
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according to the characteristics that trees in urban and
rural were cross-distribution, each communication area
as was set as an units, the crown projection area was
calculated by using boundary search and polygon area
calculation algorithm, and crown volume was
calculated by using accumulating stratification method.
2.2.1 Projection area calculations

The canopy projection area of forest points cloud
were constituted by the maximum cross-sectional data
set, the specific steps: computing the projection of x —y
plane by forest points cloud; calculating the crown
projection area by boundary search and polygon area
calculation algorithm, and taking its result as the
projected area of the forest canopy.
2.2.1.1 Boundary search method

The boundaries of discrete target group were
searched by using angle method based on vector

data''”’

The laser points cloud were in uneven
distribution, however, the average distance d’ between
the adjacent points met the certain requirements, and
the length of the boundary line was related to average
distance. Let d), was the maximum value of the
boundary line, it must met

&l = gd (2)
Where g is a coefficient, the higher value of ¢
indicated a longer boundary line, the rougher of the
border, and ¢ was usually set between 4 ~ 10.

The coordinate of trees points cloud, which was
projected onto the xy-plane, was (x,, y;), i was 1 ~
n. Boundary generation steps were as follows

(1) Set the initial boundary. Find the extreme value
of coordinates of the points set, get points A, B, C, D
to constitute a convex polygon, as the initial boundary
of points set, as shown in Fig. 8a, and save the initial

boundary points list in counterclockwise order.

C C 1
(a) Tnitial boundary cloth (b) Expansion o[ boundary

Fig.8 Boundary generation process
(2) Extension of the boundary. Taking order along
the edge (AB side) in list, search for a point [ in its
left, try to make sure the angle between the point and
edge AB was the minimum, as shown in Fig. 8b. If

point [ is found, add it to the list, and use Al, IB to

replace AB. Traverse each edge, search boundary
point /, J and M that met the conditions, then connect
them to the original polygons. Repeat this step, the
border continued to expand, after the completion of
traversing, the boundary had been extended to the
convex hull.

(3) Calculate the maximum length of the boundary
line. Calculate the area S of convex hull polygon
according to convex hull point set, and compute the
density of points set, i.e.

p=n/S (3)
Where n is the number of points surrounded by convex
hull.

The average distance between adjacent points was

calculated as follows

d' (4)

1
b
and then calculate d/  based on the Eq. (2).
(4) Contraction of the boundary. Traverse the list,
if the length of edge was longer than d’, , find the
largest angle between the edge and point J in its right,
add the point J to the list, and realize that two edges
could replace one edge. Traverse one loop, find the
qualified border point, and establish a new polygon.
Repeat this step, the boundary continued contraction
inwardly. The results were shown in Fig.9, and
display the contour of forest points cloud on CCD

image, and achieve the extraction of forest canopy.

(b) Extraction of trees canopy and buildings in urban

Fig.9 Extraction of trees canopy

2.1.1.2 Polygon area calculation method

The boundary points of each connected region were
successively connected into line, then constitute a
plurality of polygons, take a polygon with n vertices for

example , select a point as the start point optionally, as
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shown in Fig. 10.

Fig. 10 Area calculation for polygon

The polygon area constituted by n points'*'’ ;

Y G | )

i=1

S =

Where x,,; =%, ¥,,, =

The sum of polygon area of each connected region
was calculated, that was the projection area of the
forest canopy.
2.2.2 Canopy volume calculation model

In this paper, volume was calculated based on the
actual distribution and edge extraction of forest canopy,
the algorithm was as follows; extracting points cloud of
forest canopy according to the different characteristics
of urban and suburban regions. Stratified crown points
cloud into slice from the bottom at regular intervals,
calculated polygon area by border search and polygon
area calculation method, calculated the area of each
piece slice, set the adjacent sections as a table body
approximately, used the calculation formula of volume

table to get the crown volume, i. e.

p-1

V=3 (S, +./S,S,, +S,.)3  (6)

m=1

. 2
Where S,,, S, ., are m, m + 1 layer slice area, m";
z is adjacent sections space, mj; V is crown volume,
m”; p is slice layers.

The sum volume of each connected region was the

volume of the trees canopy.
3 Result analysis

3.1 Extraction accuracy of forest points cloud
The extraction of trees were shown as Fig. 9a, the
red points cloud were trees, the extraction of forest
information had been completed with closed curve.
Fig. 9a showed the edge information on CCD image, it
could been seen that the edges were not perfectly match
the image of trees, because the CCD images were
corrected, but were not orthophotos, the images had a
certain inclination, while the data of LiDAR points
cloud were accurate rendering forest location. Fig. 9b

also has the same problem, since the complex and

diverse of urban feature, combined with the optical
image could be seen parts of points were mis-
classificated, the surface shape of points cloud which
was complex was misclassifying forest.

While minimizing the workload, in order to ensure
the accuracy of verification, selected 500 points on the
image randomly to artificial determine whether trees,
and compared with the classification results.

The classification error contained leak points and
multisection points error, as shown in Tab.2, the
classification of forest points cloud was better, the
leakage points and multisection error were within
3.4% ; while the leakage and multisection error of
ground points were within 9% , the classification effect

was relatively poor.

Tab.2 Error of classification results

Leakage Multis- Multis-  Total

Select  Leakage

. . error/ ection ection error/
points points
% points  error/ % %

Tree
rees 323 1 3.4 8 25 5.9
points
Ground ) 13 7.3 16 9.0  16.3
points

The points cloud of forest had a certain height and in
clustered distribution, with respect to the ground points
cloud which had significantly different, and easier to
distinguish, so the extraction forest points cloud were
better.

3.2 Canopy projection area and volume
compared with manual measurements
Compared the laser measurement method based on

LiDAR  points

measurement methods. Ten experimental districts were

cloud with traditional ~manual
randomly selected to carry out the traditional manual
measurement, the points cloud of forest were projected
onto x — y plane, then the border search and polygon
area formula were used to calculate the crown
projection area. While artificial measuring of the
projection area of the canopy in the ground, the
projection of an individual tree crown were seen as an
ellipse, the length of the major axis and the minor axis
were the lengths of crown’s two vertical direction, in
order to calculate the projection area of a single tree,
and then sum of each individual tree within the region

was calculated to get the projection area of the forest

canopy. The area A, was LiDAR laser measurement
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result, and area A, was manual measuring result, as

shown in Fig. 11.

& 200 -4
3 7
= 150
3
3 100
g
g 50
I_E_: i
o 0 2 4 6 8 10
Field surveying No.
Fig. 11  Canopy projection area by laser and manual

measurement

Using the proposed method to achieve the canopy
volume measurement based on 3D laser points cloud;
and getting the canopy height and crown width by
artificial measurement, selecting volume formula as
shown in Tab. 3 according to tree species canopy to

estimate the volume.

Tab.3 Formulas for calculating volumes of different

crown geometries

No. Canopy shape Volume formula
2,
1 Cylinde LA
ylinder 1
2.
2 Conic Tr]xzj
, 3xy” -2y°)
3 Spherical w(3xy” =2y")
pherical 3
2 3
4 Hemispherical TGy =2y")
12
5 Ball fan Tr(3y3 _yz 4}‘2 _xz)
3
2.
6 Ovate ™y

6

The volume V, of LiDAR laser measurement and

volume V, of manual measurement were shown in Fig. 12.

T o
‘ 2
£ 300/
-
L5
g 200 |
g
gloﬂ-
o " " M "
2 % 2 4 6 8 10

Field surveying No.

Fig. 12 Canopy volume by laser and manual measurement

The average measurement error of canopy projection
area of laser and manual measurement were within
6% , and the correlation coefficient was 0.957; the
average error of canopy volume by laser measurement
and manual measurement were less than 8% , the
correlation coefficient was 0. 944 | reached the practical

requirements.

3.3 Effect of season on forest growth

Forest canopy shape and foliage volume in different
seasons affected the acquisition of airborne LiDAR data
directly, which presented challenge to the adaptability
of this method. In this paper, the experimental data
collected in the vigorous growth period of vegetation, if
in the winter or when tree species had rare leaves,
would require a lot of practical work to verify the
proposed method. Furthermore, the growth status of
trees may affect the results, which also needs to

explore in the subsequent study.
4 Conclusions

In order to achieve rapid and efficient extraction of
the projection area and volume of a wide range of forest
area, this paper got the three-dimensional structural
information of trees by airborne LiDAR, used points
cloud classification algorithms to filter the ground and
buildings points cloud, achieved the extraction of forest
points cloud in urban. The angle method was used to
search boundary, and then it was displayed on the
corresponding CCD images. Canopy projection area
and volume of each connected region was calculated
with polygon area formula and volume calculation
algorithm. Ten experimental districts were randomly
selected  to manual

proposed  LiDAR

and manual

carry out the traditional

measurement,  compared  the

measurement  method measurement
method, the average leakage and multisection error
were both within 8% . High-quality data sources were
provided for the precision quantitative of vegetation
canopy and estimation of biomass. The proposed
method has high precision and large measuring range,
which has broad application prospects in the forestry,
and will contribute to relevant government departments
scientific rational

for efficient management and

decision-making.
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Measurement of Trees Crown Projection Area and Volume
Based on Airborne LiDAR Data

Zhang Weizheng' Dong Shouyin®  Wang Guofei’ Qiu Zhengjun' Wu Xiang' He Yong'
(1. School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China
2. The Second Surveying and Mapping Institute of Zhejiang Province, Hangzhou 310012, China
3. Tianjin StarGIS Engineering Co., Lid., Tianjin 300384, China)

Abstract; Airborne LiDAR can obtain three-dimensional structural information of trees and get forest
information by using points cloud classification and calculation method of crown projection area and
volume. From the distribution of points cloud,the laser pulse formed an once echo when encountered the
bare ground and roof of the building, and the distribution of the generated points cloud were smooth and
continuous. The laser pulse penetrated vegetation would appear multiple echoes, the distribution rules of
the points would be destroyed, and the distribution was in an irregular shape such as cluster-like. First,
the points cloud of ground were extracted by using triangulated irregular network , then the points cloud of
building were extracted by using planar-fitting filtering algorithm. The points cloud of building were
filtered to get points cloud of forest, and then the points cloud of forest were projected onto x —y plane.
The edges of points cloud of timber were extracted by using the angle method; its corresponding image
was displayed; the area of polygon was calculated by using area algorithm; then the calculation of the
projection area of crown was achieved. In the study area, 10 experimental districts were randomly
selected to carry out the traditional manual measurement. The experimental results showed that the
projection area and volume’s correlation coefficient of the two measurement methods were 0.957 and
0.944 | respectively. The proposed method was feasible to achieve the accurate extraction of forest
information rapidly and efficiently which includes a wide range of tree crown projection area and crown
volume.

Key words: trees; airborne LiIDAR; projection area; volume; triangulated irregular network; planar-

fitting filtering algorithm
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