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As long as the deepen application of the Intelligent equipment technology in the Water Saving Irrigation, a hot topics in research is coming out, that is how to increase the proportion of the efficiency and output for the high tech facility in manufacture. The Modbus protocol based on u C/TCPIP will play an important role in the Water Saving Irrigation application system, comparing to the others, it has such advantages of the Reliability of communication technology and real-time performance. After analyzing components of Modbus/TCP protocol, we applied it on real-time u C/OS-II kernel and ARM7 software and hardware and hardware environment with Modbus frame embedded in TCP frame. Test results show that Modbus/TCP protocol can achieve industrial standards. The protocol realizes the interconnection of control network and information network and has a broad application prospect in the agricultural water saving irrigation.

Introduction

In recent years, the industrial communication technology has been widely used in the field of agricultural water-saving irrigation. Current direction of development of agric ultural water-saving irrigation is that transmitting irrigation data through the network, scientific and reasonable control of irrigation, and improve the comprehensive utilization of agricultural water resources. The specific application process has the following prolems: The first one is that the ways of irrigation data transmittion mode is single, so standardized task is difficult to realize. The second problem is the real-time and reliability performance of information transmission is not good,unnecessary water waste exist in irrigation areas due to the poor efficiency and low reliability of information transmission [START_REF] Proakis | Communication systems engineering [M].UpperSaddle River[END_REF][START_REF] Cook | Smart environments: technologies ,protocols, and applications[END_REF].

Communication technology plays an important role in agricultural irrigation. In recent years, a few methods of network communication are widely used in agricultural water-saving irrigation applications. For instance, set an external serial server irrigation controller, or simply via Ethernet TCP/IP protocol transmission, etc.

Although these methods have lots of advantages, such as interoperability, anti-interference ability and good real-time, but the defects of these ways can not be ignored. For example, communicate through an external serial server not merely engenders large power consumption, poor stability, low reliability but also generates additional costs. However, transmission through TCP/IP protocol also leads to network insecurity occasionally [START_REF]Texas Modbus-IDA.Modbus Messaging on TCP/IP implamentation Guide V1.0b[END_REF][START_REF] Stevens | TCP/IP Illustrated Chapter 1 : Protocol[END_REF].

Since 1970s, the Modbus protocol has been widely used in different areas, it's host/slave-machine communication way perfectly meet the requirement of deterministic. In our system, we combine the Modbus protocol with the TCP/IP protocol by inserting Modbus frame into the TCP frame. Since Modbus protocol has a large number of node installing, it's very suitable for irrigation controllers that require a lot of control valves. That is one of the reasons why Modbus possesses a high performance and low cost in the field of agricultural water-saving irrigation. Modbus

is an truly open and ideal solution for agricultural water-saving irrigation. The effectiveness can be verified by experiment and its value can be proved in practical applications.

In this paper, aiming at the actual situation shortcomings of the current domestic agricultural water-saving irrigation, applied the industrial Ethernet technology to the agricultural water saving irrigation, and embedded the Modbus protocol into uC/TCPIP, and a communication which is not only low power consumption and low-cost but also high compatibility has been realized. The problems of multiplicity and incompatibly of Field-bus standard, less accuracy and limited real time have been solved.

System structure and function

According to specific application, the system is based on the embedded Modbus/TCPIP system structure. Essentially, the system structure is usually shown as that in Figure 1. 
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The system structure is shown as that in Figure 2 , the Ethernet Controller mainly composed of 5 parts. There are the microprocessor MCU, Ethernet physical layer interface chip DP83848, the RJ45 module used for cable connecting, 25MHz clock source, and the status LED lights which indicates the status of the connection. In our system, we use LPC2387 as the microprocessor, whose RAM memorizer of 64K and nominal operating frequency of 72MHz can provide abundant resources for μC / TCPIP transplantation [START_REF] Yu | Research on Embedded Protocol Modbus/TCPIP Conversion Module[END_REF]. In addition, the LPC2387 is capable of providing The transplant system of μC / OS-II operating system use μC / OS-II as the ROTS. So transplant μC / OS-II to hardware platform is the first thing to go before using μC / TCPIP protocol stack , and generally speaking , it is related to four documents. There are OS_CPU_A.ASM,OS_CPU.H,OS_CPU_C.C which associated with the processor, and application-related OS_CFG.H. In our system, we use V2.84, the latest version of μC / OS-II.

TheμC/ TCPIP transplantation

The uC/TCPIP is to achieve the most important and centralized protocols of TCP/IP. semaphores, as shown in Table 1.

Table 1 The semaphores created to transplant uC/TCPIP serial number semaphore 
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  Including IP, ARP, ICMP, UDP, TCP and BSD Socket invocation interface. uC/TCPIP include the following protocol module,NIC, ARP, IP, ICMP, UDP and TCP. At present, uC/TCPIP can only support Interface Controller in ethernet,referred to NIC(Network Interface Controllers).And in our system it is DP83848.uC/TCPIP operate as two tasks of uC/OS-II, Rx Task and Tmr Task. Rx_Task in charge of process the data packet received by NIC,if the data packet is needed by the present application layer, Rx_Task will put the data packet from network layer to application layer through TCP-IP protocol; and Tmr_Task is to manage all of the time delays related to TCP-IP protocol. During the uC/OS-II transplantation process, the user needs to realize the following functions: (1) interrupt service function NetNIC_ISR_Handler(), initialization and increate the interrupt nesting in IRQ.S (2) interrupt handler NetNIC_ISR_Handler(),remove the CPU interrupt flag, send a semaphore and call the related function (3) operating system function: It's achieved in net_os.c, which involves a large number of the μC / OS-II-related operations function. This document provides a interface from TCP-IP protocol to the uC/OS-II operating system. If you want to migrate to a different operating system, the user can change net_os.h / c file. In RTOS Layer, tasks should be completed in three aspects: the establishment of Rx_Task and Tmr_Task , establish time control service functions, the establishment of 10

  10M/100Mbps Ethernet access in both half-duplex and full-duplex mode, with the built-in Ethernet MAC controller. Which can support Reduced Media Independent Interface, RMII and Buffered DMA Interface, BDI. We chosed DP83848C which is made by National Semiconductor as the Ethernet physical layer interface chip. It can easily connect with the MCU(LPC2387) with three kinds of interface mode(MII/RMII/SNI),and we chose RMII.

Driver programming in NIC

(1) Initialization. The whole intialization is consist of processor-related MCU initialization and PHY initialization. And the process includes: means mutiple regsiters has to be written. The maximum data in Data domain is 248 bytes, and the specific format associated with functional code. In practice , the client sends the request data which shows the starting address of the register and the register number, meanwhile, the server respond with the number of operating registers and the status value of the register in a certain number.

The overall process in our system is as follows: The irrigation controller as a server waiting for the PC client to connect.The user can manage the irrigation controller with the software on computer when connected the them with reticle.

Modbus/TCP protocol communication test and results analysis

Test results show that the first frame delay basically maintain within 1.3 ms, the last frame delay basically keep within 1.2 ms. The Result Indicates that 300 frames/second is normal processing speed of Modbus/TCP. 

Summarization

Through a wholly analysis to the actual demand of current water-saving irrigation agriculture, then get a research of the Modbus/TCP protocol in facilities construction and Embedded System. The design of NIC and Modbus/TCP here have three advantages as follows: 1.Combining the Modbus/TCP technology and embedded system makes the Ethernet controller realize the real-time efficiency 2. The Modbus/TCP protocol here solve the multiplicity and incompatibly of field-bus standard 3. Successfully remove the uC/OS-II format software, making the system high throughput data transferring, also solving the problems during operations to the complex control system, then low down the cost, more practically.