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3D reconstruction of tree and limb
based on aerial image of UAV1
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Abstract. To obtain more accurate and more detailed information, UAV (unmanned aerial
vehicle) aerial in the application is inevitable going from two dimension to three dimension. While
trees, due to their structure complexity, make the 3D reconstruction have more research significance.
UAV aerial images, because of being affected by aerial height, the information contained in the tree
crown texture and profile is poor. In terms of this problem, a feature extraction method based on
watershed segmentation is proposed, so as to fully extract the feature points that can reflect the
crown structure, and the region correlation coefficients are calculated to match the feature regions
accurately. The results showed that in the tree modeling method, based on L-system, the structure
of the growth of the trees is simulated. At last, it is concluded that in the case of less number of
feature points, it well restores the limb structure trees, and constructs a complete model of trees.
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1. Introduction

In the UAV image processing, the target 3D reconstruction and localization have
become one of the research directions in recent years by means of sequence image
analysis [1]. The three-dimensional reconstruction problem based on UAV aerial
images can theoretically be attributed to the reduction of the image scene and the 3D
structure of the target from the sequence image. Applying the theory and technology
of 3D reconstruction of sequence images, the 3D model of scene and target can be
obtained by processing of unmanned aerial vehicle sequence images [2]. The three-
dimensional structure of the target can be reconstructed and measured accurately
based on the intrinsic constraints of the same scene on multiple images. But for
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the sequence image obtained from the UAV aerial photography, under the effect
of height, the color, texture and contour information that the UAV aerial images
contained are fuzzy.

In addition, the process of aerial shaking, offset, rotation and so on will cause the
camera swing and rotation so that the camera imaging model has much complexity
compared with the general camera imaging models. To determine the UAV aerial
camera model is the main problem of UAV aerial image 3D reconstruction [3–4]. In
the UAV navigation and agricultural applications, it often requires the measurement
of a high degree of information on plants and trees, which created a necessity for
3D reconstruction of crown based on aerial images. As a result, 3D reconstruction
of trees has become the focus of many scholars for the study [5–6]. However, trees,
plants and other objects, influenced by their growth conditions (including photosyn-
thesis, nutrient cycling, energy transmission and forest leaf light environment etc.)
and some human intervention (such as pruning branches etc.), the uncertainty of
morphology and structure is great. In consequence, it is difficult to establish the
experience knowledge of tree morphology [7]. In addition, the surface texture of
trees is very similar or almost no texture, so it is difficult to find the corresponding
relationship between the surface points of trees in the images, so the difficulty of
three-dimensional reconstruction of crown trees is increased. These factors make
the extraction of crown feature points and matching and modeling of complex shape
and structure of trees have become a key issue for the crown 3D reconstruction.
It has very important theoretical guidance and practical significance in accurately
using the aerial sequence images for the reconstruction of crown model.

2. Method

Watershed segmentation method is a segmentation method based on mathemat-
ical morphology and topology theory. Its basic idea, as the name suggests, is to
regard the image as the topological landscape on geodesics. The gray value of each
pixel in the image represents the altitude of the point, and every local minimum and
the affected region are called the catchment basin, and the boundary of catchment
basin forms the watershed. Watershed segmentation usually takes the gradient im-
age as the input so that it can quickly get the closed area, but there is often over
segmentation phenomenon [8]. Watershed transformation can locate the edge accu-
rately, and it has the advantages of simple operation and easy parallel processing.
In this paper, we hope that the segmentation method can sufficiently distinguish the
light and shade areas of the crown image, and the appropriate over segmentation of
the watershed segmentation algorithm can meet our requirements to some extent.

The concept and formation of watersheds can be explained by simulating the
immersion processes. On the surface of every local minimum, a hole is pierced, and
then the whole model is slowly immersed in water. With the immersion deepening,
the influence domain of each local minimum slowly expands outward, to build a
dam in the two water collecting basin confluence, which forms a watershed. The
watershed computation process is an iterative annotation procedure. L.Vincent [9]
proposed a more classic watershed segmentation algorithm, and the calculation is
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divided into two steps: one is the sorting process, and the other is the flooding
process. Firstly, the gray level of each pixel is ordered from low to high, then in the
achieving submerged process from low to high, for each local minimum, in the effect
domain in h order height, FIFO structure is used for the judgment and annotation.

What the watershed transformation obtained is the catchment basin of the input
images, and the boundary between the catchment basin is the watershed. Obviously,
the watershed represents the maximum point of the input image. Therefore, in order
to obtain the edge information of the image, the gradient image is usually used as
the input image, that is

g(x, y) = grad (f(x, y)) =

√
[f (x, y)− f (x− 1, y)]

2
+ [f (x, y)− f (x, y − 1)]

2
.

(1)
In the above formula, f (x, y) represents the original image. Therefore, this

paper uses gradient watershed segmentation method, and the algorithm process is
as follows: first of all, the Sobel operator is used for longitudinal gradient operation;
then, the gradient image is opened and closed for smoothing processing; at last,
watershed segmentation is conducted for the smoothed images.

The watershed algorithm has a good response to the weak edge, and the phe-
nomenon of over segmentation is caused by the noise in the image and the slight
change of the gray level of the object surface. There are many minimum points in
the image in general, and there is usually an over segmentation phenomenon. The
gradient threshold segmentation improvement or labeling of watershed algorithm
can be applied to connect multi-minimum value areas. But it should be seen that,
the watershed algorithm has a good response to the weak edge, which is guaranteed
by the closed continuous edge. In addition, the closed catchment basin obtained by
the watershed algorithm provides the possibility of analyzing the regional features
of the image.

Through the above watershed segmentation, the bright area and the dark area of
the crown image can be distinguished well. For the area information recording the
segmentation, seen from the image, the pixels the closer to the center, the more it
represents the pixel characteristics of that area. By extracting the centroid (ui, vi)
of each region as feature points, this paper thinks that for the bright region, the
centroid point is approximate to the brightest point; for the dark area, its centroid
is similar to the darkest point, and therefore the calculation formulas of ui and vi
are as follows.

ui =
1

ni

ni∑
k=0

uk , (2)

vi =
1

ni

ni∑
k=0

vk . (3)

The matching method based on region correlation coefficients only takes into
account the local features of the image when matching, so the pixel pairs with high
correlation coefficients are not necessarily the correct matching points. That is to say,
if the two areas are the matching region pairs, then their correlation coefficient must
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be relatively large. On the contrary, RGB regional correlation coefficient calculated
by the two regions does not necessarily mean that these two regions are the regions
matched to each other. Therefore, the matching algorithm of this paper cannot
avoid the existence of some mismatching points.

To further improve the accuracy of the matching algorithm, this paper removes
the wrong matching point by calculating the ratio of the most relevant one and sub
related one [10]. Among them, the ratio calculation formula of the most relevant
one and sub related one is:

K = Dnearest/Dhypo−nearest , (4)

where Dnearest refers to the Euclidean distance between the most relevant matching
point and the point to be matched, andDhypo−nearest suggests the Euclidean distance
between the sub relevant matching point and the point to be matched.

According to the literature [11], the closest distance between the correct matching
pairs should be significantly smaller than that of the wrong matching pairs. For the
false matching points, due to the impact of high dimension feature space, there may
be many other false matching points with similar distance. Thus, this correlation
distance is taken as the error matching criteria to determine the individual fuzzy
examples. Therefore, for a matching area, if the maximum correlation coefficient
and the sub correlation coefficient are more closely, the ratio of them will be greater.
It indicates that the matching area pairs are more likely to be the wrong matching
examples. On the contrary, if the ratio of the most relevant and sub relevant is
smaller, then it means that the matching is more likely to be the correct matching
example.

So, a suitable threshold is selected for the proportion. If the proportion of K is
greater than a threshold, it indicates that the most relevant matching and the sub
relevant matching are very similar. In this paper, we can think the closest Euclidean
distance matching might be the wrong matching, and eliminate the matching point.

3. 3D modeling

3.1. L-system

L-system is proposed by the American biologist A. Lindenmayer [12]. At the
very beginning of this system is the method of simulating plant biology and cell
morphology and growth, and later it is developed into the fractal method effectively
simulating scenes of nature (especially vegetation type) in the computer graphics.
L-system is a language prompt system consisting of several words, symbols and
control parameters. It uses the right hand rectangular coordinate system to define
the three-dimensional L-system. The direction is defined by the 3 vectors, H, L and
U [13]. The 3D coordinate system of the L-system is shown in Fig. 1.
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Fig. 1. 3D coordinate system of L-system

3.2. Canopy structure acquisition

In this paper, the skeleton information of the tree canopy is obtained by a certain
method. Through the command of the L-system, a three-dimensional model of the
crown is created by using Open GL. The modeling process is shown in Fig. 2.

Set a collection Trunk List of tree trunks, and the 3D scatter set contained in
these tree blocks is the Include Points collection. The method for obtaining skeleton
information is as follows:

(1) To find the highest point of the Z coordinate, and find dz of the highest point
and the lowest point. The point dz is taken as the tree height and the vertical axis
where the highest point locates is taken as the central trunk of trees. The depth
is 1, the trunk set Trunk List is added, and the highest point is added in the tree
trunk points set Include Points.

(2) To scan the feature points not in the Include Points collection, and to find
the minimum point pi at which the current point is concentrated away from the tree
trunk, and the corresponding trunk ti (the depth of the restricted ti is no more than
6, and the branch is no more than 3).

(3)To lead out a new tree trunk tnew with angle of 30 degrees with ti from the
tree trunk ti to the point pi. The depth of tnew is the depth of ti (the maximum
depth of restricted tree is no more than 4), which is inserted behind ti when adding
Trunk List, and the point pi is added to the existing point set Include Points.

4. Results and discussion

Feature points extraction and matching:
In order to obtain the light and shade area in the crown, we make the watershed

area segmentation of the crown region, to distinguish the light and shade areas of
the crown. The contrast between the watershed segmentation and the original image
is shown in Fig. 3. It can be seen from the graph that, the watershed segmentation
well achieves the desired effect in this article.

After obtaining the light and shade area of the crown area, the volume of each
area is recorded in pixels number, and the statistical region information is shown in
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Fig. 2. Modeling process

Table 1. Analyzing the data, it can be found that, in the segmented regions, the size
of most pixels is between 40 to 150. Although there is a larger area and a smaller
area, it is after all in the minority. The number of areas in the intervals of [1,39]
and [150181] has a total of 8. On the whole, the size of the region segmented by
watershed is still relatively uniform.

By the statistics of segmentation region information, the size of each region is
relatively uniform, so the centroid (ui, vi) of each region is calculated as the feature
point of the feature area, and then added to the feature points set of the image. The
image feature points extracted are shown in Fig. 4, left part. It can be seen from the
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figure that, watershed segmentation can fully extract the brighter and dark points
in the tree crown, and these points can well reflect the crown branches information.
In the watershed segmentation results, the feature points set position is shown in
Fig. 4, right part.

Fig. 3. Watershed segmentation results for tree crowns

Table 1. Results statistics of watershed segmentation

Items Values Ratio
The maximum value of areas, unit: pixel 181 -

The minimum value of areas, unit: pixel 1 -

The total number of areas 47 1.000
[1,39] 5 0.106

[40,99] 26 0.553

[100,149] 13 0.277

[150,181] 3 0.064

3D computation and 3D modeling:
In order to obtain the most accurate and complete canopy structure, we take dif-

ferent thresholds in the experiments and compare the corresponding results. Several
representative threshold values are selected, the feature points set is extracted, and
the skeleton structure and 3D model of the tree are constructed. Figure 5 shows
the result when the threshold is 0.93, obtained 28 points. Due to the interference
error points, the trunk effect is not beautiful. Figure 6 shows the experimental re-
sults when the threshold is 0.91, obtained 23 points, well removing the interference
characteristics points, and the effect has been greatly improved. Figure 7 shows
the experimental results when the threshold is 0.88. The number of feature points
obtained by is only 17. When the false matching is removed, at the same time, the
effective information is reduced, and the model constructed is not complete.
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Fig. 4. Watershed segmentation of images and feature points extracted 3D
computation and 3D modeling

It can be seen from the above results that, the K threshold is too large, and the
removed false matching points are too small, then the left false matching points have
interference on the results, thus affecting the 3D modeling effect. If the threshold
of K is too small, then in full removal of false matching points, at the same time, it
will also remove some correct matching points, and caused the loss of information.

In order to better and more intuitively compare, the proposed feature extraction
and matching method are used at the same time for feature extraction and matching
[14]. The mean geometric registration errors calculated are compared, and the results
are shown in Table 2. As can be seen from the table, this method can match
the feature points more accurately, and it takes the appropriate threshold K, and
achieves better reconstruction results.

Table 2. Mean geometric registration error

Methods Mean geometric registra-
tion error

Number of feature points

SIFT-KNN 1047.997 5

The proposed method
(K ≤ 1)

1041.99 47

The proposed method
(K ≤ 0.8)

1040.63 14

The proposed method
(K ≤ 0.6)

1039.91 9

The proposed method
(K ≤ 0.4)

1038.23 4
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Fig. 5. Experimental results for threshold 0.93

Fig. 6. Experimental results for threshold 0.91

Fig. 7. Experimental results for threshold 0.88



174TIEBO SUN, JIANMING KAN, JINHAO LIU, QINGQING HUANG, KAI MA, TINGTING SUN

5. Conclusion

In the feature extraction and matching, due to the complex structure of crown
and features of UAV aerial image itself, a feature point extraction based on watershed
region segmentation completely extracts the feature points that can reflect the crown
structure. And the feature matching method based on the RGB region correlation
coefficient, in the case of limited image information, can also accurately match the
feature points, and then carry out 3D reconstruction. In the tree crown modeling
method, based on L-system method, the structure of the growth of the trees is
simulated. In the case of less number of feature points, it well restores the limb
structure of trees, and constructs a complete model of trees.
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