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In order to realize three-dimensional reconstruction of canopy at different growth stages of fruit trees, 3D data acquisition methods and canopy reconstruction methods were studied. Based on the analysis of morphological and structural changes in fruit phonological phase, and integrating the advantages of different data acquisition techniques, the data acquisition method of fruit tree morphological structure based on multi-source is proposed. In the dormant period, the canopy skeleton is extracted based on point cloud data; in the leaf curtain stage, a new artificial coding method of canopy structure is constructed, and the data of new shoots and leafs is obtained efficiently; and organ template data is obtained synchronously, and the organ template library is constructed. Then, a multi-source data fusion modeling method is proposed to reconstruct the three-dimensional canopy of fruit trees at different growth stages. And the feasibility of the method is verified by 12 year old open central leader system apple trees, the results show that compared with the manual data acquisition method, the method improves the efficiency by more than 5 times, and the error rate is less than 6%. It provides a feasible scheme for the continuous data acquisition and canopy 3D reconstruction of fruit trees, so as to provide technical support for virtual modeling, scientific calculation and experimental simulations.

Introduction

With the development of digital plant technology, 3D canopy data and 3D modeling technology are widely used in tree characterization, growth simulation, virtual management of orchard and so on [START_REF] Chunjiang | Exploration of digital plant and its technology system[END_REF][START_REF] Yan | Comparison on Fruit Crown Characteristics and Quality of Different Tree Canopy Shapes[END_REF][START_REF] Gao Zhao Quan | Tree structure and 3-D distribution of radiation in canopy of apple trees with different canopy structures in China[END_REF]. At present, there are three main ways to acquire three-dimensional shape of fruit tree: image technology, 3D digital technology and 3D scanning technology. The domestic and foreign researchers have achieved good results in the field crop 3D reconstruction [START_REF] Yuan Xiaomin | Detailed Modeling of 3-D Configuration of Tomato Plant[END_REF][START_REF] Wu Yanlian | OpenGL-based visual technology for wheat morphology[END_REF][START_REF] Xinyu | Design and implementation of threedimensional geometric morphological modeling and visualization systen for maize[END_REF], however, 3D reconstruction of fruit tree is still the technical difficulties and research hotspots. Different from the field crops, the morphological and structural characteristics of the fruit trees include: tall crowns, complex branches, excessive number of leaves and artificial pruning. Because of the occlusion between organs, data missing and data noise exist in all kinds of data seriously, the 3D model based on single source data acquisition technology is difficult to meet the requirements of experimental accuracy [START_REF] Liu | Easy modeling of realistic trees from freehand sketches[END_REF][START_REF] Zhang | Data-Driven Synthetic Modeling of Trees[END_REF][START_REF] Sylvain Delagrange | PypeTree: A Tool for Reconstructing Tree Perennial Tissues from Point Clouds[END_REF][START_REF] Lu | Shape reconstruction of fruit tree from colored 3D point cloud[END_REF][START_REF] Wu | An Accurate Fruit Tree Canopy Reconstruction Method Based on Dense Point Cloud[END_REF].

Integrating the advantages of different data acquisition technologies, this paper proposes a method to obtain morphological structure based on multi-source data fusion of fruit tree phenology, and the 3D modeling of the apple tree have constructed by this method. Taking the open central leader system apple trees as the experimental object, the experimental results show that the modeling efficiency is improved greatly by comparing with the artificial method, and has a realistic visualization effect. Therefore, this method provides a feasible scheme for the continuous data acquisition of fruit tree growth.
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Fruit tree morphology and structure characteristics

Different from the common trees, the tree shape is affected by artificial pruning, and the tree structure changes greatly. The tree structure of fruit tree conforms to the model of axis structure, and has obvious phenology characteristics. During the phenology phase, the canopy structure of fruit trees changes obviously, and the leaf curtain formation has a strong gradual process through the growth process of long leaves, flowers, fruits and leaves.

Axial structure

According to the axis reference model, the structure of the plant is composed of plant axis, and the axis reference model is faithful to the growth and development characteristics of plants [START_REF] Shi Yintao | Three dimensional trees emulation based on parametric L-system[END_REF]. Therefore, the tree structure and the topological relationship between branches can be described using the axial structure model and the directed tree structure method. As shown in Figure 1, the tree structure is branched and layered according to the branch structure, each of which is a regular axis structure, and the last layer consists of leaves, fruits, or flowers. 
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Leaf curtain

Leaf curtain is composed of all leaves on various branches, and the leaf curtain gradually forms with the growth of leaves. The canopy leaves of fruit trees are large in number, different in space, and seriously cross and block each other, therefore, the acquirement of leaf curtain data is a difficult point. Take the apple tree for example, leaf growth is usually characterized by two states: clustered and simple leaves, and the leaves alternate in a spiral form and rotate 144 o between the two leaves [START_REF] Huairui | Apple Science. China. Beijing[END_REF], and most clustered leaves grow on shoots. Different branching structures form different leaf curtain structures, and when the long branch is more, the time of formation of leaf curtain is later [START_REF] Zhang Xingwang | Cultivation techniques of apple in Yunnan[END_REF]. Therefore, a data acquisition plan should be designed according to the tree structure.

Phenological phase

Fruit trees are perennial plants, with obvious annual growth cycle, and the annual growth cycle of fruit trees is also called phenology. In the phenological period of fruit trees, the crown changes through sprout, shoot growth, flowering, fruiting, maturation and other processes. Take the apple tree for example, in the general year, apple trees germinate in late march and begin to flower in early april, the spring shoots stop growing in mid-June, and leaves begin to fall in early November. The phenological phases are staggered and connected, and in addition, they are related to varieties [START_REF] Xia Xue | Response of key ecological factors of Apple phenology to typical topography of orchard[END_REF], as shown in Figure 2. 

Data acquisition process

The phenological and structural characteristics of fruit tree provides the guidance on the time axis for obtaining canopy structure throughout the year. At present, the use of different equipment to obtain canopy data has its own limitations, mainly in: point cloud data obtained from a 3D scanner cause large loss due to occlusion, and the use of three-dimensional digitizer equipment can only obtain small range data and the workload is great. Therefore, we integrate a variety of data acquisition devices, and optimize the data acquisition process, and establish the data acquisition process of the tree canopy structure based on multi-source information fusion. Data acquisition is carried out at four critical periods, such as deciduous stage, flowering stage, leaf curtain formation stage and fruit ripening stage. The data acquisition flow diagram is shown in Figure 3, and the specific steps are as follows: 

Dormancy

3.2

Data fusion and modeling

Fruit tree skeleton extraction based on point cloud

The canopy skeleton can be extracted by processing the tree canopy cloud data without leaf, commonly used point cloud processing algorithms include: Laplacian operator contraction, K neighborhood map connection, geodesic map, level set algorithm and so on. Firstly, the Delaunay neighborhood of each point is computed based on the Laplacian operator of point cloud [START_REF] Cao | Point cloud skeletons via Laplacian-based contraction[END_REF], and the Laplacian weighted matrix L is constructed according to the Delaunay neighborhood data, and the shrinkage matrix L W and the shape matrix H W are established as constraint factors, and the point cloud matrix P is iterated iteratively with energy minimization, and the iterative contraction equation is shown in equation 1-2. After a finite iteration, the original dense point cloud will become very thin and approach the skeleton points. Secondly, the K neighborhood map, geodesic map and level set are used to fit skeleton for the shrinkage points [START_REF] Verroust | Extracting Skeletal Curves from 3D Scattered Data[END_REF]. Finally, the algorithm of point cloud circumcision [START_REF] Wu | An Accurate Fruit Tree Canopy Reconstruction Method Based on Dense Point Cloud[END_REF] is used to solve the branch radius and patch the small branches. Thus, the canopy fruit tree is reconstructed exactly based on point cloud, and the solving process is shown in Figure 7. 
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Coding representation of canopy topology

In order to facilitate the manual survey of canopy structure data, this paper proposes an efficient coding method for branch topological structure. The branch structure is recorded according to the branch level, and each branch records one row of data. The encoding is divided into two parts: the coding head and the coding body. The coding head information includes the number of branch (m), the number of parent branch (n), the length of branch (L) and the coarseness of branch (d). The coding body information includes all the organs on a branch and branch structure, and the types of organs on the branches are composed of leaves, clustered leaves, branches, flowers, fruits and so on, they are encoded respectively by A, B, C, D and E; Typically, the leaves are continuous, and in order to simplify the recording representation, Ai is used to represent the successive single leaves on the present branch, and i represents the number of consecutive single leaves, similar to the method used for coding flowers and fruit organs; For leaf clusters, the number of leaves on a leaf cluster should be recorded, so Bj leaves are encoded, and j is the number of leaves on the leaf cluster; and Dh is used as branch encoding, where h is the row number of the branch. The sketch map of the coding representation is shown in figure 8. The encoding method can be used orderly and conveniently for data investigators to reduce the recording error of survey data, improve the efficiency of manual investigation and increase the amount of investigation information. 
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Multi-source data fusion modeling

According to this method, the canopy morphological data of a growing year of fruit trees was systematically obtained, the data obtained in accordance with the classification of data source mainly includes: canopy cloud data of dormancy stage, flowering stage and fruit maturity stage; organs cloud data of leaves, flowers, fruits and other organs; the local branches of digital data, the topological structure of artificial crown survey data, and so on 4 types data. In a growth year, the morphological structure of fruit trees vary with the new branches changes, the skeleton was reconstructed based on the dormant canopy cloud data, and the reconstructed skeleton was basically stable in one growing year, and it can be concluded that the later canopy data is based on the growth of the skeleton. Then the canopy distribution of flowers and fruits can be easily obtained by processing the point cloud data at flowering and ripening stages [START_REF] Xiaodan | Image mosaics reconstruction of canopy organ morphology of apple trees[END_REF][START_REF] Lu | Shape reconstruction of fruit tree from colored 3D point cloud[END_REF][START_REF] Zhihui | Surfaces reconstruction of plant leaves based[END_REF]. And through the gridding modeling of point cloud data of leaves, flowers and fruits, the template library of organs can be constructed, and the organ arrangement can be realized on the canopy skeleton. Finally, the statistical model of blade azimuth and inclination angle are constructed through the statistical analysis of local branches of digital data [22], and the branch and leaf distribution model is constructed by statistical analysis of the artificial data of the crown topology. Therefore, based on the statistical model and organ template, the new branches and leaves are planted on the basis of the canopy skeleton model, and the canopy structure of fruit tree is reconstructed for one year of growth.

Result

Visualization effect

The feasibility of the method is verified by 12 year old open central leader system apple trees, and the data acquisition scene is shown in 

Accuracy and efficiency

Compared with the measured data, the accuracy and efficiency of the proposed method are verified. The measured data is obtained by a wide range of threedimensional digitizer, and the process of data acquisition requires two artificial participants. The leaf number, leaf area index are considered as the important indicator of canopy structure, therefore, on the basis of these two indexes, the accuracy of this paper method is compared and analyzed for three evacuation layered form apple trees, and the time consuming ratio of the two methods is recorded. The contrast results are shown in Table 1, the results show that the error rate of blade number is less than 5%, and the error rate of leaf area index is less than 6% by this paper method, and in terms of time efficiency, for a single fruit, this method is more than 5 times digital methods, and for the orchard group modeling, this method is 10 times more than the digital method, and lower labor costs. 

Conclusions

In this paper, we present an efficient method for obtaining and reconstructing morphological structure of fruit tree canopy based on multi-source. The experimental results show that the method can realize 3D continuous reconstruction of fruit canopy in a growing year. The reconstructed 3D canopy model has a realistic visualization effect, and compared with the manual method, this method improves the efficiency by more than 5 times, and the error rate is less than 6%. So this paper provides a feasible scheme for the continuous data acquisition and canopy 3D reconstruction of fruit trees, and provides technical support for virtual modeling, scientific calculation and experimental simulations. However, our method depends on the foliage growth model.

In the future, we will further optimize the growth model through a large number of experimental data, so that it can be applied to different fruit tree shapes. 
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 1 Fig. 1. Fruit axis structure (left) and directed tree structure model (right)
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 2 Fig. 2. The annual growth phenology of apple tree
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 356 Fig.3. Data acquisition process of fruit morphological structure based on multi-source (1) In the defoliation period, the canopy without leaves is scanned by the Focus3D
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 7 point cloud contraction b. the K neighborhood connection c. the geodesic mapping b. d. the level set e. the skeleton shrinkage Fig. The point cloud skeleton extraction algorithm process 2.

Fig. 8 .

 8 Fig. 8. The sketch map of the coding representation 2.2.3 The linear relationship model of new branches and leaves The branches with different growth directions were selected as the mother branches, and the number of new shoots and the number of leaves on the branches are recorded according to the order from bottom to top. The branch types are divided into four kinds according to the length of branches: long branch (>15cm), middle branch (5-15cm), short branch (<5cm) and leafage branch .At the beginning of the shoot growth, the artificial survey experiments are carried out at intervals until leaf crown forming. Then, based on the artificial survey data, a new branch volume relation model is established, as shown in the figure 9. And the linear relationship model between branch length and leaf number is established based on the artificial survey data, as shown in the figure 9. Typically, the constructed model conforms to varietal characteristics, so the same tree type and the same breed do not need repeated investigations.

Fig. 9 .Fig. 10 .

 910 Fig. 9. Quantitative changes in the growth process of different branches
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 11 Fig 11 a. The skeleton key points of the canopy cloud are extracted at the defoliation stage, and the extracted skeleton key points are shown in Figure 11 b. Then the new branch canopy 3D model (Fig 11.c) and the leaf canopy 3D model (Fig 11.d) are generated based on the artificial survey data. And the 3D model of leaf canopy is rendered from different directions, and the visual effects are shown in Fig 11.e and 10.f. According to the visualization results, the three-dimensional model of fruit canopy with different growth stages can be constructed based on the method, with higher accuracy and better visualization effect. a. Data capture picture b. Canopy skeleton at defoliation stage c. New branch canopy model d. Leaf canopy reconstruction e. Canopy rendering effect f. Canopy side rendering effect Fig. Canopy reconstruction process and visualization effect
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 1 Comparison of canopy reconstruction accuracy and efficiency

		Leaf number		Leaf area index			Time/h	
	Fruit tree	Our method	3D digital	Error rate/%	Our method	3D digital	Error rate/%	Our method	3D digital	Efficiency ratio
	No.1	3146	3 265	3.64	3.16	3.32	4.82	0.9	8	8.9:1
	No.2	3468	3639	4.70	3.49	3.67	4.90	0.9	8.6	9.5:1
	No.3	2841	2746	3.46	3.14	2.99	5.01	0.8	7.4	9.3:1
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