
agriculture

Article

Research on Measurement Method of Leaf Length and Width
Based on Point Cloud

Yawei Wang 1 , Yifei Chen 1,2,* , Xiangnan Zhang 1 and Wenwen Gong 1

����������
�������

Citation: Wang, Y.; Chen, Y.; Zhang,

X.; Gong, W. Research on

Measurement Method of Leaf Length

and Width Based on Point Cloud.

Agriculture 2021, 11, 63.

https://doi.org/10.3390/

agriculture11010063

Received: 1 December 2020

Accepted: 11 January 2021

Published: 13 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 College of Information and Electrical Engineering, China Agricultural University, Qinghuadonglu No.17,
HaiDian District, Beijing 100083, China; yaweiwang@cau.edu.cn (Y.W.); zzxxnn@cau.edu.cn (X.Z.);
wen.gong@cau.edu.cn (W.G.)

2 Engineering Practice Innovation Center, China Agricultural University, Qinghuadonglu No.17,
HaiDian District, Beijing 100083, China

* Correspondence: glhfei@cau.edu.cn

Abstract: Leaf is an important organ for photosynthesis and transpiration associated with the plants’
growth. Through the study of leaf phenotype, it the physiological characteristics produced by the
interaction of the morphological parameters with the environment can be understood. In order to
realize the assessment of the spatial morphology of leaves, a method based on three-dimensional
stereo vision was introduced to extract the shape information, including the length and width of
the leaves. Firstly, a depth sensor was used to collect the point cloud of plant leaves. Then, the leaf
coordinate system was adjusted by principal component analysis to extract the region of interest; and
compared with a cross-sectional method, the geodesic distance method, we proposed a method based
on the cutting plane to obtain the intersecting line of the three-dimensional leaf model. Eggplant
leaves were used to compare the accuracy of these methods in the measurement of a single leaf.

Keywords: point cloud; leaf phenotype; surface distance; 3D measurement

1. Introduction

Leaf is the main organ of plants for photosynthesis and transpiration, and plant
growth information is closely related to leaf parameters. Mastering the growth rule of
plant leaves is of guiding significance for cultivation. Plant growth information is closely
related to leaf parameters, which is of great significance for high efficiency and yield. Leaf
parameters have a profound impact on activities such as plant growth and development, so
scientifically determining leaf parameters is of great significance [1]. Leaf shape parameters
such as leaf area, thickness, length, width, and leaf shape index are important indicators
for evaluating the impact of plant environmental factors. With the rapid development
of science and technology, automatic measurement technology has been widely used in
life, as well as agriculture [2]. Compared with the manual measurement of leaf parame-
ter measurement technology, automatic measurement has the advantages of fast speed,
high precision and real-time performance, which greatly improves the efficiency of leaf
parameters measurement.

Currently, leaf length and width are important shape parameters, which can be used in
tasks such as leaf area estimation and automatic recognition. High-performance technology
has been used to measure the linear distance between leaf petiole and tip [3–6], the shortest
distance between leaf petiole and tip [7,8], or extraction skeleton between the petiole and
tip [9,10]. Grid and scanning methods are commonly used for leaf measurement, which
are simple to implement, but require some manpower and time [11]. The scanner method
is to image plant leaves [12], and then use Photoshop, ArcGIS or other softwares to count
the pixels and determine the leaf information of the plant. Measurement based on image
processing has the advantages of simple and fast operation [13–15]. For leaf measure-
ment, the common method is to extract the minimum enclosing rectangle [16,17]. The
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minimum enclosing rectangles and the aspect rations of leaves were obtained by Hotelling
transform [18] or rotation matrix [19]. For improvement of the minimum bounding box,
Xiang et al. [20] rotated and moved main axis of leaf image, compared the size of the area
surrounded by the boundary. Guo et al. [21] applied poly-line fitting to detect the media
axis, and fitting the length of the line as the leaf length measurement.

With the rapid development of 3D technology, the research of three-dimensional
measurement technology has been applied to the automatic reconstruction of animal body
size, such as pig [22,23], sheep [24], and cattle [25]. The measurement of human body
size plays an important role and 3D scanning technology has been used to automatically
measure body size in a non-contact way [26], for example, Liu et al. [27] and Tan et al. [28]
obtained the size of a human body via random forest regression analysis of geodesic
distances to extract the feature points and lines. Zhang et al. [29] proposed a framework
for pose estimation from range images by geodesic distance. 3D technology is also used
in earthwork [30], water conservancy [31] and other complex terrain problems, to achieve
the reconstruction and measurement. In the current study, image analysis was used to
quantify crop characteristics, which are critical for the marketability of new varieties[32,33].
Zhou et al. [34] obtained three-dimensional structural data of lodged maize using an
unmanned aerial vehicle. Guo [35], Gongal [36] and Yang et al. [37] reconstructed apple
tree canopy and extracted the apple diameter based on a 3D camera. Using a 3D point
cloud to measure plant leaf information has become an emerging area of scientific research.
In plant growth monitoring, accurate and nondestructive measurement of plant structure
parameters is very important, Zhang et al. [38] developed a multi-camera photography
system and measured six variables of 3D nursery paprika plants’ models. Feng et al. [39]
based on photometric stereo vision determined the normal vectors’ distribution and fitted
the leaf’s space plane. Zhang et al. [40] scanned the plant vertically with the laser sheet
and obtained point cloud structure of the sample. Itakura et al. [41] segmented leaves in
the top-view images by distance transform and expanded the seed region by watershed
algorithm with the 3D information. Hu et al. [42] proposed a 3D point cloud filtering
method for leaves based on manifold distance and normal estimation and pointed out
that the distance between two points cannot reflect all of the manifold similarities well,
while the geodesic curve better reflects the similarities between these two points. It can be
seen that the cross-sectional method and geodesic distance are the most commonly used
methods in 3D length measurement. Leaf is a research object with spatial attributes, so we
compare the cross-section method and geodesic distance method to measure the length
and width of leaf on three-dimensional model. The method is improved on the basis of the
cross-section method, so that it can quickly obtain the intersection line.

2. Materials and Methods
2.1. Acquisition the RoI of Leaf Point Cloud Model

Kinect2.0 was used to photograph eggplant and get the corresponding point cloud to
obtain complete scene information. The scene information contains the entire plant, and the
research object is the length and width of a leaf, so a complete leaf point cloud without
occlusion was manually selected as the experimental object. The length measurement
did not include the length of the petiole, so the petiole was removed manually to ensure
the accuracy of measurement. Here, eggplant leaves were selected as the research object
to prove the effectiveness of the measurement of leaf length and width. The extracted
leaf point cloud information contained noise, so the filtering method [43] and smoothing
algorithm [44] provided by Point Cloud Library were used to process the point cloud in
Figure 1.

When collecting data, the distance between kinect2.0 and the shooting scene was less
than 1.1 m, which can increase the density of the point cloud on the leaf. The useless part of
the scene point cloud was removed, and information on only one leaf was obtained, which
can ensure the integrity of the leaf information. Since the focus of this paper is to compare
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the geodesic distance method, cross-section method and the improved method to measure
the individual leaf on the plant, there is no reconstruction of the plant point cloud.

Figure 1. Operation flowchart of the system.

The point cloud network of each leaf is defined as P, including a series of three-
dimensional points as nodes, P = {P1, P2...Pn}. The main directions (x, y, z) of the original
plant point cloud obtained by the 3D camera are arbitrary, and the key points of the
measurement cannot be obtained automatically. In this paper, in order to achieve unified
and automatic key points, the direction of the leaf was normalized, and two key points in
the width direction and the bottom of the key point in the length direction were obtained
automatically. Principal component analysis (PCA) is a method of extracting main feature
pairs, which can analyze the main influencing factors from multiple dimensions. The PCA
algorithm was used to get the main axis of the point cloud data, on which the variance of
the data distribution was the largest. The point cloud data were, respectively, projected into
the new coordinate system formed by these three axes. It is mainly used for dimensionality
reduction and extraction of the main feature components of the data [45]. PCA is to
sequentially find a set of mutually orthogonal coordinate axes from the original space.
The generation of new coordinate axes was closely related to the original point cloud data
of the leaf. Among them, the main axis selection was the direction with the largest variance
in the original data. The secondary main coordinate axis was selected to maximize the
variance in the plane orthogonal to the first coordinate axis. The tertiary main axis had
the largest variance in the plane orthogonal to the first and second axes. The realization
method of PCA is as follows: Firstly, find the center of the point cloud. For the input point
set P, the number of point clouds is n, then the center point Pc is Equation (1),

Pc =
1
n

n

∑
i=1

Pi (1)

The covariance matrix Cp can be obtained by Pc in Equation (2) [46],

Cp =
1
n

n

∑
i=1

(Pi − Pc)(Pi − Pc)
T (2)

Secondly, calculate eigenvectors of the covariance matrix Cp by singular value de-
composition [47]. Since the eigenvectors of the matrix Cp are perpendicular to each other
and can be used as the direction axis of the bounding box [48]. Project the closed ag-
gregate vertices to the axes to find the projection interval of each axis. The greater the
variance, the projection distribution of the point cloud on this axis is more scattered and
the projection interval on the axis is longer.

Assuming that the distance of leaf length is greater than leaf width, PCA was used
to determine the main diameter axis of the leaf (u, v, w), u is the axis of leaf length, v is
the axis of leaf width, and w is the axis of thickness. The bounding box of the leaf is made
based on the (u, v, w) coordinate system, and the points tangent to the bounding box in the
u and v directions are the key points required.
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After obtaining the coordinate system, the intersection points of bounding box and
leaf point cloud are extracted, which represent the maximum value of leaf extension and as
the key points of measuring length and width. Figure 2a represents the coordinate system
of the original point cloud, where the red straight line is the x axis, green line is the y
axis, and blue line is the z axis; Figure 2b represents the coordinate system of point cloud
processed by PCA, where the red straight line is the u axis, green line is the v axis, and blue
line is the w axis. Assuming leaf length is greater than leaf width, u is the main axis, v is
the secondary main axis, and w is the tertiary main axis. The yellow border of the 3D leaf
model in Figure 2 is obtained by the bounding box method. The points intersected with
the bounding box in v axis are measuring points of the leaf width, named pwend, pwstart.
The point where the u axis of the bounding box intersects the bottom of the leaf is plend,
while the point on the other side of leaf length cannot be directly used as the point of the
leaf tip. Since eggplant petiole is located in the concave surface of the point cloud, the point
where the bounding box intersects with the u axis is not the petiole, so the point plstart
needs to be selected manually.

(a) (b)

Figure 2. Coordinate system of leaf point cloud. (a) Original coordinate system of point cloud. (b)
Processed coordinate system of point cloud.

In Figure 3a, the original point cloud is projected onto the (x, y, z) coordinate system,
and Figure 3b the reconstructed point cloud is projected onto the (u, v, w) coordinate
system. The PCA algorithm is used to process the point cloud, and the elements are mapped
to the main coordinate axis, secondary main coordinate axis, and tertiary main coordinate
axis. The coordinate axis of the reconstructed point cloud has regularity, which is related
to the decreasing projection density of the leaf length, width, and thickness. Therefore,
the reconstructed main coordinate axis u represents the length of the leaf, the secondary
main coordinate axis v represents the width, and the tertiary main coordinate axis w
represents the thickness.

Figure 3. Projection of point cloud data onto the coordinate system. (a) Distribution map of the point cloud in the original
coordinate system (x, y, z). (b) Distribution map of the point cloud in the reconstructed coordinate system (u, v, w).

Algorithm 1 used the PCA algorithm to reconstruct the coordinate system (u, v, w) for
obtaining the range of interest (RoI) of leaf and the key points of length and width.
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Algorithm 1 The algorithm of obtaining the measurement points of length and width.

Require: P = {P1, P2...Pn}, Pi = (xi, yi, zi)
T ∈ R, i = 1, 2...n

for i=1:n do
Calculate Pc by Equation (1)

end for
Calculate covariance matrix Cp by Equation (2)
Calculate eigenvalues and eigenvectors of Cp, and express eigenvectors as the coordinate
system (u, v, w),
Calculate the minimum bounding box for the leaf model in the coordinate system
(u, v, w),
Define the reconstructed point cloud as p = {p1, p2...pn}(pi = (ui, vi, wi), i = (1, 2...n)),
Define the intersection point of the leaf model and the bounding box in v direction as
pwstart, pwend,
Define the intersection point of the leaf model and the bounding box in u direction as
plend,
Define the intersection point of the leaf model in u direction as plstart manually.

Ensure: plstart, plend, pwstart, pwend ∈ pi(i = 1, 2...n)

2.2. Measurement the Length and Width of Leaf

The commonly used three-dimensional length measurement methods are the cross-
section and geodesic distance methods. The cross-section method uses the key points
and direction vector to find the tangent plane. In this paper, the key points have been
obtained according to the bounding box technique, the length plane and width plane are
perpendicular to the uov plane. The longitudinal section intersects the leaf length with a
line of intersection, and the value of this line is used as the measured value of leaf length.
The cross section intersects the leaf width with a line of intersection, the value of this
line is used as the measured value of leaf width. The obtained length and width tangent
are curves, which is consistent with the actual measurement method to obtain the curve
distance from the starting point to the end point on the leaf according to the given points.

The geodesic distance method is a heuristic method, in which the starting point and
the end point of the measurement must be provided to find the line connecting two points
according to the shortest path principle, such as A* [49], Dijkstra [50] geodetic distance
method. The Dijkstra algorithm is a typical shortest path algorithm, which is used to
calculate the shortest path from the starting node to the final node. The Dijkstra algorithm
can obtain the optimal solution of the shortest path. For the current point on the path, A*
algorithm records the cost to the source point, and the expected cost from the current point
to the target point, so it is a depth-first algorithm. The commonly used heuristic functions
of A* algorithm include Manhattan, Euclidean and Chebyshev distances [51]. The research
object of this paper is a 3D point cloud, which can move along any direction when looking
for the next target points, so the Euclidean distance is chosen as the heuristic function of
A* algorithm in this paper. The space distance between points is the basis of the shortest
distance. The start and end key points of the geodesic distance method are the same as
those of the cross-section method, and the length and width of the leaf are calculated by
the start and end key points, so there are fluctuations between adjacent point pi and point
pi+1 when searching for the shortest path.

In this paper, based on the cross-section method, the direction of the section is not
perpendicular to the coordinate system, but the plane is constructed according to the point
on the leaf closest to the center of the starting point and the end point. This paper proposes
to use the cutting-plane method to obtain the intersection line of the leaf as the basis for
measuring the length and width. For the leaf length, the starting point plstart and end
point plend were obtained, but to determine a plane, three points which are not on the same
straight line are required, so the third point is needed to construct the three-dimensional
plane. Similarly, for the leaf width, the starting point pwstart and the end point pwend have
been obtained by bounding box technology, and the third point is also needed to construct
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the width plane. The method proposed in this paper is not to calculate the length and
width of the leaf according to the point cloud perpendicular to the coordinate system uov,
and the process of coordinate system transformation can be omitted. It needs to specify
the starting point and end point to calculate the target points for the leaf point cloud, then
determine the tangent plane of length and width.

In order to obtain the third point, the midpoint of the line between the starting point
plstart and the end point plend is set as plcenter in Equation (3). The point closest to plcenter on
the leaf point cloud is selected as the third point pltarget on the cutting plane in Equation (4).
The target point pltarget selected in this way can ensure the closest distance to the point
plcenter, and the three points plstart, plend and pltarget constituted the plane from the three-
dimensional leaf model.

plcenter =
(plstart + plend)

2
(3)

pltarget = Pmin{d(plcenter, pi)} (4)

where, Pmin denotes the coordinates of the point with the smallest distance between plcenter
and pi, and d denotes the Euclidean distance of two points. Similarly, when calculating
the width tangent plane, the midpoint of the line between the starting point pwstart and the
end point pwend is pwcenter in Equation (5). The point closest to pwcenter is selected as pwtarget
on the leaf model in Equation (6).

pwcenter =
(pwstart + pwend)

2
(5)

pwtarget = Pmin{d(pwcenter, pi)} (6)

In Figure 4, the red points, respectively, represent pstart, pend, and pcenter, while black
points represent the 3D leaf model. The point with the smallest distance to pcenter is selected
as ptarget, which is represented in blue.

Figure 4. Determination of the target point by starting and end point.

For the section of leaf length, the three points of plstart, plend and plcenter are on the
same straight line, then pltarget and plstart and pend are not on the same straight line, so
according to the plane equation, it can be guaranteed that the three points determine a
plane. For the section of width, pwtarget and pwstart and pwend are not in a straight line, so
here it can be guaranteed that three points define a plane. This process is to compare the
distance between the point set pi and pcenter, and select the point p corresponding to the
smallest distance as the point ptarget. The purpose is to determine a plane through a line
and point, and cut a curve through the plane and leaf point cloud surface.

The length and width section of the leaf obtained by the traditional cross-section
method is shown in Figure 5a, the coordinate system was reconstructed according to the
PCA method, and the length and width planes are perpendicular to the coordinate plane
uov. For the width section, suppose the equation is Awx + Bwy + Cwz + Dw = 0. The plane
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Fw through three points that are not on the same line in the equation are pwstart, pwtarget,
and pwend. The transverse plane tangent of the leaf is shown in Figure 5b. Suppose the
length plane equation is Al x + Bly + Clz + Dl = 0. The plane Fl through three points that
are not on the same line in the equation are plstart, pltarget, and plend. The plane tangent of
the leaf length in Figure 5c. The section intersects the leaf length with a line, as ll . Similarly,
the section intersects the leaf width with a line, as lw.

(a) (b) (c)

Figure 5. Obtaining spatial length and width planes of leaf. (a) Spatial planes of length and width by cross-section method.
(b) Spatial plane of width according to this paper. (c) Spatial plane of length according to this paper.

The length and width cut planes obtained by this paper are not perpendicular to the
coordinate plane. The essence of our method is to use the tangent plane to cut the model
and obtain the point on the intersection line as the basis for calculating the length and
width. The leaf model intersects with the length and width planes, which are used to
measure the distance of length and width in Algorithm 2.

Algorithm 2 The algorithm of calculating leaf length and width.

Process of calculating leaf length
Require: P = {p1, p2...pn}, i = (1, 2...n))

Calculate the midpoint plcenter of line ll using Equation (3).
for i=1:n do

Calculate the distance between pi and plc as dli,
Find dlmin = min dli, and the keypoint pltarget using Equation (4).

end for
Calculate the cutting plane of plstart, plend, pltarget as Alx + Bly + Clz + Dl = 0,
Define the tangent point set of leaf model and cutting plane as the length.

Ensure:
plk ∈ tangent point set k = 1, 2...j

Process of calculating leaf width
Require: P = {p1, p2...pn}, i = (1, 2...n))

Calculate the midpoint pwcenter of line lw using Equation (5).
for i=1:n do

Calculate the distance between pi and pwc as dwi,
Find dwmin = min dwi, and the keypoint pwtarget using Equation (6).

end for
Calculate the cutting plane of pwstart, pwend, pwtarget as Awx + Bwy + Cwz + Dw = 0,
Define the tangent point set of leaf model and cutting plane as the width.

Ensure:
pwk ∈ tangent point set k = 1, 2...l

Figure 6 shows the length and width points of eggplant leaves obtained by geodesic
distance and cross-section methods. A * and Dijkstra methods were used for geodesic



Agriculture 2021, 11, 63 8 of 13

distance method. The starting point and ending point of geodesic distance method and
cross-section method are the same, that is Plstart, pwstart, plend, pwend. The red line represents
the width in Figure 6a and length Figure 6e of the leaf obtained by A* method, the blue line
represents the width in Figure 6b and length Figure 6f of the leaf obtained by the Dijkstra
method, and the orange line represents the width in Figure 6c and length Figure 6g of the
leaf obtained by the cross-section method. The green line represents the width in Figure 6d
and length Figure 6h of the leaf obtained by our method. When the starting point and end
point are given, our method obtains the key points through the starting and end point.

The geodetic distance method, cross-section method, and the method of this paper
have the same starting and end points. The points obtained by A*, Dijkstra method are
all on the original point cloud, and the shortest distance from the starting point to the end
point obtaining according to the distance between each point of the leaf model. Therefore,
the geodetic distance method requires more time, and the time complexity of the Dijkstra
method is O(n2) [52]. The essence of the cross-section method and this paper is to take
the intersection point of the section and the model as the key points. The principle of the
cross-section method to obtain the plane is based on the starting point, the end point and
the vector perpendicular to the coordinate plane. The principle of this paper is based on
the starting point, end point and target points. Therefore, in Figure 6d,h , there is starting
point, end point and target point indicated by yellow dots.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 6. Obtaining the point sets of leaf length and width. (a) Obtaining the key point set of width by A* algorithm.
(b) Obtaining the key point set of width by Dijkstra algorithm. (c) Obtaining the key point set of width by cross-section
algorithm. (d) Obtaining the key point set of width by our method. (e) Obtaining the key point set of length by A* algorithm.
(f) Obtaining the key point set of length by Dijkstra algorithm. (g) Obtaining the key point set of length by cross-section
algorithm. (h) Obtaining the key point set of length by our method.

3. Results

In this paper, 20 three-dimensional eggplant leaves were taken as experimental objects,
and obtain the key points of each model plstart, plend, pwstart and pwend. After obtaining
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the key points pltarget and pwtarget, the length and width were calculated by A*, Dijkstra,
cross-section and methods proposed in this paper. For the key point set of cutting plane
pk, it needs to be connected and measured between two adjacent points pki and pk(i+1) by
spatial distance. Figure 7 shows the measurement values of length(or width) comparison
between our method with A* algorithm, Dijkstra algorithm and cross-section method
under certain practical measurement values. The points of the coordinate axis represent
the estimated values obtained by the algorithms, while the horizontal coordinate axis
represents the actual width and length values. From Figure 7a–d , the method proposed in
this paper was compared with A*, Dijkstra and cross-section methods, and the differences
with actual values.

(a) (b)

(c) (d)

Figure 7. Comparison of the length and width values measured by algorithms with actual values. (a) Comparison of the
geodesic distance method with this paper on leaf length. (b) Comparison of cross-section method with this paper on leaf
length. (c) Comparison of geodesic distance method with this paper on leaf width. (d) Comparison of cross-section method
with this paper on leaf width.

The coefficients of determination (R2) of 20 groups of data were calculated to compare
the accuracy of each method, where the length calculated by bthe A* method compared
with the actual length was 0.930; the value of length calculated by the Dijkstra method
compared with the actual length was 0.949; the value of length calculated by the cross-
section method compared with the actual length was 0.963; the value of length calculated
by this paper compared with the actual length was 0.962; the value of width calculated by
the A* method compared with the actual width was 0.956; the value of width calculated
by the Dijkstra method and compared with actual width was 0.966; the value of width
calculated by the cross-section method compared with the actual width was 0.970; the value
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of width calculated by this paper compared with the actual width was 0.970; Compared
with the errors of the geodetic distance method and cross-section method, this paper’s
method with actual values tested in this paper were all within the acceptable range of the
study, so these methods can be used to measure the length and width of the leaf. But in
terms of time complexity, the geodesic distance needs extra time to compare the distance
between points, so the cross-section method and the algorithm in this paper have low time
complexity. The algorithm in this paper needs one traversal to find the target point, and the
time complexity is O(n). In terms of algorithm complexity, the cross-section method needs
to reconstruct the coordinate system to obtain the vector. The algorithm in this paper
constructs a spatial plane based on three points that are not on the same straight line, which
does not require the process of reconstructing the coordinate system. The accuracy of this
paper and cross-section method are higher than geodetic distance method, because all
points of the geodetic distance method must be in the model when selecting the shortest
path. Our method is similar to the cross-section method, which are both cutting the model
by plane, and the key points are obtained through the tangent line.

Compared with a two-dimensional image, a three-dimensional point cloud contains
spatial information of the object. This article proves that the geodetic distance and cross-
section methods are also suitable for the measurement of the three-dimensional leaf model.

4. Discussion and Conclusions

The geodetic distance method is the process of finding the key points at the shortest
distance from the starting point to end point on the original point cloud. It uses the
distance relationship between points on the point cloud as the basis for obtaining the
shortest distance in the next step. The time complexity of the Dijkstra method is O(n2) [52],
which is related to the density of points. In order to improve the efficiency of the algorithm,
the cross-section method is further used to calculate the length and width of the leaf,
which directly uses the tangent plane to cut the point cloud to obtain the intersection
point. However, this method stipulates that the cutting plane must be perpendicular to
the coordinate plane to obtain the dimensional information, so the coordinate system of
the point cloud must be processed in advance. Furthermore, it is considered whether the
points on the leaf can be directly used to construct the plane, so the starting point, end
point and the target point obtained according to Formulas (4) and (6) were considered to
construct the plane equation. This plane need not be perpendicular to the coordinate plane.
It uses the point cloud’s information and the simplicity of the cross-section method.

This paper compares the commonly used three-dimensional measurement meth-
ods, such as the geodesic distance and cross section methods, and further proposes our
algorithm. The experiment showed that the geodesic distance method (A*, Dijkstra), cross-
section method and our method can be used to calculate the actual length and width of the
leaf. This algorithm is improved compared to the cross-section method, as it overcomes the
problem that the cross-section method must reconstruct the coordinate system. Our mea-
surement method is based on three key points to obtain the section directly, so compared
with geodesic distance, it did not need a long time and high space complexity to find the
shortest path.

Kinect2.0 was used to collect the point cloud of the leaf, the experimental part of the
article did not involve point cloud registration. Therefore, we did not choose leafy vegeta-
bles as the object, because the leaves of leafy vegetables are mutually occluded, and cannot
obtain the complete leaf point cloud information. Furthermore, we did not extract the
rolled leaves as the object, because the rolled leaves cannot obtain complete information
through a single depth image. The focus of the research is to compare the geodesic distance,
cross-section and improved methods, for the measurement of an individual leaf on the
plant, so there is no reconstruction of the plant point cloud, such as structure-from-motion
technology and multi-view stereo technology.

Length measurement did not include the length of the petiole, it’s necessary to remove
petiole to ensure the accuracy of measurements, so the petiole was removed manually.
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For the key points plstart, if the leaf shapes of the research object are needle-shaped or
tapered, the petiole is in the bulge of the leaf point cloud, and the bounding box technique
can be used to directly obtain the intersection point as the plstart for length measurement,
which removes the problem of manually selecting key point plstart. However, due to the
particularity of the eggplant leaf’s shape, plstart must still be selected manually.

Leaf parameters have a profound impact on activities such as plant growth and
development, so the results reported in this paper on measurement length and width of a
3D leaf point cloud have practical significance.
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