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Abstract. It will impact the overall yield and quality of wheat if the 

malnutrition in the wheat growing season is not timely found. Thus, it is 

necessary to carry out timely nutrition detection of the wheat population in the 

field. Based on the techniques of Java web development and image processing, 

this paper constructs the estimation model of the field wheat population 

condition, designs and implements the automatic nutrition detection and 

analysis system based on field wheat population images. By using the received 

images of crop growth group, the system detects the nutrition condition of 

wheat population cultivated in the field quickly, and gives assisted fertilization 

decision to farmers for reducing the effect of wheat malnutrition on the yield 

and quality of wheat.   
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1 Introduction 

 
Wheat is one of the most important food crops in the world, and it is also an important 

grain crop in China.  It is very important to improve the yield and quality of wheat for 

ensuring the safety of grain production in China. Current research on wheat automatic 

monitoring in China mainly focused on environmental testing [1, 2, 3], the seedlings 

diagnosis [4, 5], anomaly detection [6, 7, 8] and et al. The nutritional status of wheat 

is an important factor, and timely detection of the nutritional status of wheat at each 

growth stage is very significant for food production. Previous nutritional status of 

different growth stages of wheat were carried out extensive analysis experiments, 

studies have shown that chemical analysis in the laboratory can accurately measure 

the nutritional status of wheat, but this method would cause damage to the wheat 

plants, and the experimental results tend to be a lagging indicator and in a low 

detection efficiency. SPAD chlorophyll meter is more accurate. However, the plant 

leaf area determined by this method is limited, and it is difficult to apply in field 

conditions. The current identification mean is according to the experts in the field of 

the nutrition. This method is time-consuming and laborious, and is affected by 

personal experience. At present, it has been shown that the changes of crop leaf color 

can reflect the nutritional status of the plant leaves, and application of image 

processing technology in detecting nutrition status in the wheat growth has become a 
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hot research topic [9, 10]. 

In recent years, computer image processing technology has been widely used in the 

fields of industry and agriculture. For example, Zhang et al used the RGB and HSI 

color models to analyze the related characteristics of cucumber leaf nitrogen content, 

phosphorus ratio and water content, and realized the nutrient detection of greenhouse 

cucumber plants [11]. Jia et al used the image processing software applications such 

as color depth rice canopy and the corresponding elongation stage in rice crop 

nutrition analysis, and rice nitrogen nutrition rapid diagnostic method was established 

[12]. Wang et al applied image data processing exchange in the tobacco samples, 

established TMDHSV model to determine the maturity of tobacco [13]. Liu extracted 

image of rice plant morphological parameters and used image to achieve the detection 

of rice growing [14]. The above studies are based the test sample obtained from an 

individual sample and crop ideal results, however the research of nutrition detection 

system in wheat field environment is rarely reported. 

In this study, available wheat nutritional surveillance model is researched based on 

image processing technology, JavaEE technology platform is used to design and 

implement the field wheat population image analysis system for nutrition detection. 

The system aims to solve the problem that the modern farmers can not accurately 

detect the nutritional status of the wheat population in the field environment, and 

provide technical support for the future farmland real-time monitoring system. 

 

2 The Overall System Design Framework 

 
Wheat nutrition detection system uses the images. The acquired images of wheat are 

analyzed and processed, and the model features are extracted. The nutritional status 

and the corresponding solutions are given to the users through the human interface. 

 
2.1 The Three-tier Architecture of the System 

The system is mainly based on B/S (Brower/Server) structure. the three-tier structure, 

i.e., data layer, logic layer and presentation layer are used for the field wheat 

population image collection, storage and processing analysis, decision of the 

nutritional status of wheat populations [15]. The system structure is shown in Fig. 1. 

 



Fig. 1. System Architecture Diagram 

(1)The data layer is located on the server and database side, which stores the core data 

of the system. It includes various user data, image feature model and the 

corresponding auxiliary fertilization program to provide image analysis support, 

decision-making knowledge warehouse. Thus, it plays the role to support the entire 

system.  

(2)The logic layer is the main function and business logic of the core processing 

module. The main functions of the image processor and the decision support module 

are two key parts. The image processor receives image information from the interface. 

After the process of image normalization, image segmentation and image denoising, 

features are extracted based on model and the decisions are given. 

(3)The presentation layer is the interface that the user interacts with the system. 

Wheat population nutrition diagnosis system is displayed to the user. The user can 

upload images in the presentation layer.  

The system used the three-tier design to obtain good stability and scalability, so it is 

easy to maintenance the system. 

 

2.2 The Main Process Design System 

In the wheat population nutrition detection system, users upload images to a Web 

server and select wheat varieties. The images is applied in normalization, 

segmentation, de-noising process by the image processor module, and then the image 

color characteristics of wheat colony is extracted. Then, the decision support module 

extracts the analysis results, these color features will be matched with the estimated 

model, and feature of those analysis are stored into the database. Finally, decision 

support system gives targeted fertilization views, and the user can access the system 

through the Web page to view the results of the analysis about the image and expert 

advice [16]. The specific processes are shown in Fig. 2.  

 



Fig. 2. Systems Business Flowchart 

2.3 System main function modules 

The function module of the system includes five parts, i.e., professional knowledge 

integration, intelligent diagnostics, user management, system management, help 

module. The function module of the system is shown in Fig. 3. 

 

Fig. 3. System Functional Schematic 

Integration of professional knowledge. The content of professional knowledge 

integration includes image model specification and expert knowledge integration. 

This section uses a variety of image models and the corresponding nutritional status 

data to determine the nutritional status of the wheat group images.  

Intelligent diagnosis. The intelligent diagnosis module is the core part of the system. 

This part combines the experts' experience and the research results of modern 

agriculture, and obtains the regularity between the wheat nutrition status and the 

group image parameters. The specific process is used to analyze the data and the 

appropriate expert advice is given. 

User management. The users of the system are divided into three kinds of authority: 

ordinary users, expert users and administrator users. The administrator user is 

responsible for assigning the rights of the expert user and the ordinary user. The 

expert user can add or modify the expert knowledge base. Ordinary users can only 

query and browse the results. 

 

3 Implementation and Application of System 
3.1 Developing and Operating Environment 

The system is based on B/S (Brower/Server) mode, and follows the JavaEE (Java 

Platform Enterprise Edition). The three-tier Web architecture is designed, and SSH2 

(Struts2+Spring+Hibernate) is used to develop the framework. The MySQL is used as 

database. The open source Apache Tomcat 6.0 Server is used as WEB application 

server, and Java language is used for program development. Color image 

segmentation, normalization and morphological denoising are used to complete the 

image processing. 

 

3.2 System Implementation 

3.2.1 Image processing system working method 



The role of the image processing system is to get the original image normalization, 

segmentation, denoising, and image model extraction [17]. This system mainly uses three 

image processing techniques to carry on the processing and to identify wheat population 

images. 

(1)The image normalization. Wheat image processing system can be applied for images 

collected from the open field environment. In order to avoid the effects of light and 

shadow on the images, the images need to be normalized. Normalization methods are 

shown as equation (1), (2) [18].  
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(2)Image segmentation. This system creates the image segmentation method based on 

pattern recognition technology. In order to build an unsupervised image segmentation 

model, this paper uses the RGB color model to create pattern recognition and 

classification rules by Mahalanobis distance [18]. Methods are shown as equation (3) 

[19]. 
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(3)Morphological image Clean-up. After image segmentation of wheat population 

images, the result is a binary image. It contains a lot of noise formed by the image 

segmentation, the system uses the morphological image processing for the image 

denoising. The method is shown as equation (4), (5) [19]. 

    𝐴 ∘ 𝐵 = (𝐴⊝ 𝐵)⊕𝐵                                              (4) 

    𝐴 ⋅ 𝐵 = (𝐴⨁𝐵)⊖𝐵                                                 (5) 

In this system, the image processing module is achieved in Matlab, and then is compiled 

and integrated into the system by Matlab Builder JA. The server deploys MCR (Matlab 

Compiler Runtime) to provide the runtime environment and dependencies. 

3.2.2 Decision Support System 

Decision support mechanism is associated with every component of the system. Decision 

support system contributes to provide users with the necessary data and information from 

the intelligent simulation expert, to help users identify the problems, to match the correct 

decision model, to query the information required by various users. The man-machine 

interface returns information to the user, provides the necessary support for the right 

decisions. 



3.2.3 System Database 

The function of the system database is to organize the large amount of estimating model 

parameters and knowledge of agricultural experts in a certain pattern. It provides 

knowledge storage, maintenance and data retrieval [20, 21]. The system adopts the top-

down strategy and distributed database design strategy [22, 23]. 

3.3 System Application 

The system interface is shown in Fig. 4. The user can upload the collected images of 

wheat population. The results returned by the system is shown in Fig. 5. 

After comparing with the conclusions from multiple sets of image systems and 

suggestions from experts, it shows that the detection results and treatment advices of 

the wheat nutrition status are basically consistent with the expert suggestions. The 

nutritional status of the system meets the basic application requirements. The system 

is designed and developed reasonably, so it has simple interface operation, and has 

good stability and practicality. 

 

 

Fig. 4. User interface of uploading images  

 

Fig. 5. Interface of presenting System analysis results  

 

4 Conclusion 
 

In this paper, wheat population nutrition detection system is designed and implemented 

by using Java web developing technology framework. The functions of the system have 

been tested and applied in the demonstration areas. The results show that the advantages 



of systems are accurate identification and rapid diagnosis in nutrition detection of field 

population wheat. In the future work, the improvement of the model and pattern 

recognition methods are important research direction. 
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