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Abstract	

Tomato	growth	and	development	process	is	a	complex	physiological	process,	influenced	
by	 various	 environmental	 factors,	 on	 the	 basis	 of	 the	 comprehensive	 domestic	 and	
international	 relevant	 research	 results,	 by	 crop	 growth	 simulation	 model,	 can	
understand	crop	growth	process	and	its	relationship	with	climate,	soil,	environment	and	
management	 measures,	 the	 dynamic	 relationship	 between	 on	 tomato	 growth	 and	
development	 and	 environment	 system	 analysis	 and	 the	 quantitative	 description,	
OpenGL	 system	 was	 introduced	 into	 VisoulStudio	 platform	 with	 object‐oriented	
programming,	and	the	corresponding	mathematical	model	was	established	to	simulate	
the	growth	and	development	of	tomato,	so	as	to	guide	the	production	of	tomato,	and	to	
achieve	the	model	of	optimal	cultivation	and	balanced	supply	of	tomato.	
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1. Introduction 

Tomatoes are widely cultivated in China with promising economic benefits and are popular for their 
bright color, unique taste, and rich nutrients. However, its long growth cycle and the many factors 
affecting its growth process make the cultivation process complex and difficult to manage 
quantitatively [1]. In addition, its cultivation varies from region to region due to the differences in 
climate. With the development of agricultural information technology, agriculture is gradually 
moving toward informatization, digitization and intelligence, which provides high-level and 
multifaceted technical support and information services for the whole agricultural process and gives 
systematic and adaptable intelligent and comprehensive solutions to various agricultural problems in 
an intuitive way. 

2. Overview of Crop Models 

2.1 Overview of Traditional Crop Models 

Along with the development of system science and computer technology, crop growth modeling has 
been developed rapidly since the 1960s, and has gone through the development process from naivety 
to maturity, from experience to mechanism, and from theory to practicality, making great 
contributions to the process of "precision" management and modernization of agriculture. The crop 
growth simulation model, referred to as the crop model, is used to quantitatively and dynamically 
describe the process of crop growth and development and yield formation and its response to the 
environment. The model integrates the research results of crop physiology and ecology, meteorology, 
soil, water and fertilization, agronomy and other disciplines, and uses the system analysis method and 
computer simulation technology to quantitatively escribe and predict the crop growth and 
development process and its dynamic relationship with the environment and technology. Its 
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establishment facilitates the integrated integration of the results of existing scientific research and 
also serves as a basis for the modernization of crop cultivation management decisions. 

There are some general crop simulation models, which are mainly useful for predicting the processes 
of crop growth and development and yield formation and their dynamics in relation to water and 
nutrients under different ecological environment variety types and production conditions. 
Photosynthesis model, transpiration model, root water uptake model and material partitioning model, 
growth process, soil water nutrient temperature change process, simulation of processes such as plant 
phototropic growth apical dominance pruning recruiting tip suffering from insect damage and nutrient 
partitioning in the body, average LAI during crop reproduction, total photosynthetic potential, LAI at 
any moment and photosynthetic potential calculation at any time [5]. The results of these studies can 
dynamically reflect the photosynthesis, swallowing, water uptake and distribution accumulation 
processes of crops under different environmental factors, and can obtain the average net assimilation 
rate and average crop growth rate during crop growth and other important physiological parameters 
related to the production although, to a certain extent, the crop growth process simulation can be 
visualized. 

2.2 Overview of Virtual Crop Models 

Virtual crop (virtual plant), as an organism combining modern agricultural technology and 
information technology, refers to the reconstruction of crop growth information in order to simulate 
it on the computer using an intuitive visualization, and the construction of virtual crop models is the 
basis and key to realize crop morphology simulation and analysis and prediction of crop growth and 
development [6]. The construction of virtual plant models reflecting the botanical laws based on plant 
biology and its growth characteristics can effectively simulate the crop morphogenesis or growth 
process virtually, which is important for further revealing the plant growth and development laws. 

The rapid development of virtual crop models has benefited from recent advances in several fields 
such as botany, agronomy, mathematics and computer science, and is increasingly becoming a 
potential tool for dealing with the spatial interactions between crop structures and their surroundings. 
Virtual crop refers to a mathematical model of the crop growth state based on computer technology, 
virtual reality technology, plant physiology, crop cultivation and other technologies or theories 
established in three-dimensional space to quantitatively and systematically describe the quantitative 
relationships between the physiological processes of crop growth and development, organ building 
and yield formation and the interaction between the environment and the physiological and ecological 
processes and morphological structures obtained during crop growth The abstract data such as 
physiological and ecological processes and morphological structures obtained during crop growth are 
converted into a three-dimensional model visible to the human eye through simulation reality 
technology [7-8], which can simulate the crop growth process vividly and graphically in three-
dimensional space in accordance with the laws of crop growth and development. 

3. Research Progress at Home and Abroad 

Virtual crop technology has played an important role in modern agricultural production decision-
making, yield prediction, plant growth behavior control, optimization of growth conditions, virtual 
experiments, etc. Scholars at home and abroad have made great progress in the research of virtual 
plant models and their construction methods. Some developed countries such as the United States, 
France, the Netherlands and Canada have carried out a lot of fruitful research work on virtual crops, 
and are able to use the virtual crop model to virtually simulate the morphogenesis and physiological 
and ecological changes of plants, crop growth and development under different environmental 
conditions, and internal competition of plant groups. The results of simulation experiments are used 
to provide an intuitive scientific basis for in-depth analysis and prediction of crop growth trends [9]. 

In terms of the functional application of virtual crop models, most researchers use virtual crop models 
no longer simply pursue the realistic visual effects of the simulated crops, but gradually consider the 
plant growth mechanism into the construction process of virtual crop models, so as to further reveal 
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the morphological structure and physiological and ecological function changes of crop growth 
through model simulation, or explore the growth and development of crops under different 
environmental conditions and their The model simulation can be used to further reveal the changes 
of morphological structure and physiological and ecological functions of crop growth, or to 
investigate the growth and development of crops under different environmental conditions and their 
trends. 

3.1 Overseas Research Progress 

In the field of traditional tomato growth and development models, many foreign researchers have 
made fruitful research results through years of efforts and have verified them in practical applications. 
The HORTISIM model is a comprehensive general simulation model system that takes into account 
the generality of different crops in greenhouses and has the technical advantages of modularity and 
standardization [10], while the TOMSIM tomato growth and development dynamic model is a 
mechanistic model that focuses on the canopy of tomato plants in greenhouses. The TOMGRO model 
was developed in the mid-1980s by Israel, a leading researcher in facility agriculture [12]. factors 
involved in the growth and fertility of greenhouse tomatoes, but the model has too many factors and 
variables to consider, the model is complex and its usefulness is limited, while research in some areas 
such as plant roots and nutrition needs to be strengthened. 

The Plant Virtual Laboratory in Prusinkiewicz, Canada, the National Institute of Computer Science 
and Control, France, the Plant Simulation Research Group led by kurth at the University of Göttingen, 
Germany, and the Plant Structure Information Center of the Department of Mathematics at the 
University of Queensland, Australia have virtual crop research mainly based on the L-system 
approach. The L-system approach as the basic framework of research has been realized for virtual 
growth of various crops such as: Hanan and Prusinkiewicz [13] introduced simulated pest movement 
and morphological changes of plants after infestation in morphological display models; Hanan [14-
15] combined the morphological structure model of cotton L Hanan [14-15] combined the 
morphological structure model of cotton L-cotton with the existing growth model ozcot so that the 
model includes the effect of environmental factors such as nitrogen and water on cotton growth, and 
the simulated daily growth of flowers, buds and buds is passed to the L-cotton model, and then each 
organ of the cotton plant is calculated and virtually displayed through certain allocation rules. Kurth 
[15] developed virtual software based on the L-system approach to dynamically simulate the three-
dimensional morphological structure of maize and wheat canopies, and then analyzed the relationship 
between spatial and temporal differences in light distribution and plant morphology in the field. 
Watanabe et al [16] used a 3D digitizer to continuously observe and obtain spatial morphological data 
of rice at different fertility stages, and analyzed the relationship between rice leaf growth and stem 
tiller to build a "3D virtual rice" to dynamically and virtually display the growth process of rice from 
seedling to maturity. 

In addition, some results have also been achieved in the dynamic simulation of winter barley and 
other plants. Many studies have used the L-system approach as a basis for finding ways to effectively 
couple with crop growth models. For example, Mech et al [17] applied the physiological-ecological 
mechanism of plant-environment interaction introduced in an open L-system to enable the model to 
simulate the mutual avoidance of light energy competition between neighboring plants and between 
different organs within the same plant, etc. 

3.2 Progress of Domestic Research 

Although China's research in this field started relatively late, it has attracted many researchers to 
participate. Domestic researchers have combined computer graphics with agronomy, mainly for the 
construction of virtual models of maize, rice, soybean, cucumber and other crops growth methods 
and their simulation applications [18], and have made certain achievements in growth models and 
morphological structure models. Research on virtual tomatoes not only improves the experimental 
cycle of real tomato research, but also simulates the effect of the environment on tomato yield in a 
virtual environment. A great deal of research has also been done by domestic researchers in the area 
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of crop visualization modeling. Based on the wheat growth simulation model established by Li Shuqin 
et al [19], a wheat growth simulation and 3D visualization system was constructed using the output 
numbers of the growth model to visualize the wheat growth process. Binglin Zhu et al [20] used field-
grown maize and soybean plants as research objects and performed 3D reconstruction of individual 
crops and groups at different growth periods based on machine vision analysis methods, and used the 
reconstructed 3D structures to visualize the growth dynamics of crop plant height, crown size and 
organs. Sun Aizhen et al [21] selected the most complex morphological bract organ of cotton organs 
as the research object, and realized the 3D reconstruction and visualization display of cotton bract 
organs on computer after Delaunay triangular meshing, control point mouse pick-up and texture 
mapping rendering operations, and using VC++6.0 integrated programming environment combined 
with Open GL graphics library. 

Using the morphological parameters of the crop to visualize the crop growth process, the crop growth 
pattern can be found intuitively and vividly. At present, most of the domestic research is on the 
visualization and simulation of crop morphology, while not much research has been done on dynamic 
simulation, and there is a certain gap between the research level and that of foreign countries. Many 
studies mainly focus on the virtual display effect of crop morphology, i.e., the computer image aspect, 
while there are fewer studies in considering the morphological structure in parallel with the simulation 
of physiological and ecological processes, etc. 

4. Tomato Model Visualization Principles and Techniques 

4.1 OpenGL Functions 

The use of OpenGL to build 3D models is due to its ability to provide a large number of practical 
basic graphics manipulation functions that can flexibly and easily support advanced techniques for 
2D and 3D manipulation of images, with functions such as modeling, transformations, light 
processing, color processing, inverse walks, fusion, double buffered animation; and superior 
performance such as texture mapping, fogging, and hierarchical detail techniques (LOD) [22]. 
OpenGL is a 3D graphics and modeling library whose most important feature is its hardware-
independence, which allows it to be implemented on different hardware platforms, thus allowing easy 
porting of applications to another operating system. At the same time, OpenGL can invoke 3D 
processing functions directly to the hardware, can support network operation, processes 3D graphics 
particularly fast, and can distribute a large number of 3D tasks to multiple computers. Since OpenGL 
is hardware-independent, there are no command functions in OpenGL that involve window operations 
or getting input; it is only a library of high-level graphics functions. To achieve a more flexible 
graphical presentation, combining OpenGL graphics processing techniques with Visual C++'s object-
oriented techniques allows for interactive simulation of the system. 

4.2 NURBS Surfaces 

Non-Uniform Rational B-Splines (NURBS) is an excellent modeling method that allows better 
control over the curvature of an object's surface than traditional mesh modeling, thus creating more 
realistic and vivid shapes. The NURBS function can convert curves and surfaces to the Open GL 
solver [23]. The function can describe geometric objects in many computer-aided mechanical design 
systems, can draw curves and surfaces in different styles, and can automatically handle suitable 
discretization, this discretization divides the domain into small triangles for processing in regions of 
high curvature and close to the contour edges. 

NURBS is divided into the following categories: processing a NURBS object; specifying the desired 
curve; specifying the desired surface; specifying a neat area. NURBS surfaces can represent not only 
free curves and surfaces, but also precise shapes such as spheres, giving many degrees of freedom to 
control the shape to generate various shapes. Yanlian Wu et al [24] used NURBS surface modeling 
to achieve 3D visualization of wheat organs, individuals and populations, but did not incorporate a 
wheat growth simulation model to drive the dynamic growth of wheat plants with the output data 
from the model. 
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Not only the 3D morphological simulation of wheat was achieved, but also the dynamic growth 
process of wheat was expressed day by day by combining the output data of the wheat growth 
simulation model, and the combination of wheat growth model and morphological structure model 
was realized to build a wheat growth simulation and 3D visualization system, and the simulated wheat 
growth process was more mechanistic and more comprehensive compared with previous studies. 

5. Summary and Prospect 

In recent years, the study of virtual crop growth model and three construction techniques has become 
a hot spot of research at home and abroad. Drawing on the research of foreign scholars on tomato 
virtual growth, a virtual growth system based on tomato morphological model was established based 
on the organic combination of tomato growth model and system to achieve the prediction of 
morphological growth of each organ of tomato, and the morphological growth process of each organ 
of tomato was virtual display of tomato organs. The existing results fully demonstrate that virtual 
crops play an important role in promoting modern agriculture and related research fields, and the 
construction of virtual crop models is the key in the field of virtual crop research. 

Although some research results have been achieved in virtual crop models and their construction 
methods, with the continuous development of modern agricultural technology and information 
technology such as digital agriculture, virtual agriculture, and precision agriculture, virtual crop 
models and their construction methods still need to be studied in depth. With the further development 
of modern computer technology three-dimensional vision technology and artificial intelligence 
algorithm, the bottleneck problem on the virtual crop growth model and three construction techniques 
will be overcome, providing more and more important information for the development of smart 
agriculture, which will become an important technical support to promote the development of smart 
agriculture. 
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