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Abstract

Introduction

With the popularization and improvement of water-saving irrigation technology, agricultural irrigation control technology is applied gradually. However, irrigation control equipments in application at this stage are from abroad and also very expensive, which are only for demonstration and lack of significance for promotion. Current automated irrigation system with a large number of cables brings many problems such as installation, maintenance, expansion and other issues. Therefore, it is hot to develop a low-cost irrigation valve controller independently for agriculture irrigation system. For example, a low cost solar-powered feedback controller for DIC of fixed irrigation systems was developed. The controller uses soil water potential (SWP) measurements to control the amount of water applied to each specific management area of a field, and measured system hydraulic pressure to communicate with other controllers. The results indicate that the controller was effective in maintaining the SWP in the root zone close to a predetermined management allowed deficit (MAD). (F.R. [START_REF] Miranda | An autonomous controller for site-specific management of fixed irrigation systems[END_REF] A wireless broadcast irrigation control system and a low power wireless DC solenoid valve based on OOK modulation and powered by battery were design and applied throughout the greenhouse irrigation in a plantation. [START_REF] Shen Changjun | Development and Application of Low Power Wireless DC Solenoid Valve and Controlling Module[END_REF] With advanced electronic computer control and wireless transmission technology, a precision irrigation control system was designed for water-saving irrigation. (Kuang Qiuming et al, 2007) A new automatic smart controller for irrigation based on GSM network has been developed, it can receive GSM message from PC and mobile, then control the valves by wireless radio communication. (Yang Genghuang et al, 2005) Many irrigation-scheduling methods have been developed over the years, but adoption by producers has been limited by cost, installation time, maintenance, and complexity of the decisions involved. (F.R. [START_REF] Miranda | An autonomous controller for site-specific management of fixed irrigation systems[END_REF] The above-mentioned irrigation controllers which used OOK modulation, infrared, GSM and other means of communication bring with high price and high maintenance costs. Besides, most commercially available sensors and actuators assembled for irrigation system networks are too complex and/or costly to be feasible for site-specific management of integrated irrigation systems. A wireless intelligent valve controller for site-specific management and/or operation of a wireless integrated irrigation control system is easier to install and maintain as compared to cable irrigation control. As a result, a potential solution to these problems is a total wireless automation of irrigation control system. Wireless automation irrigation controllers can be implemented using spatially variable irrigation systems to optimize yields and maximize water use efficiency for fields with variation in water availability due to different soil characteristics or crop water needs. (Zhang [START_REF] Wei | Design of precision irrigation system based on wireless sensor network and fuzzy control[J][END_REF] The objectives of this research were to develop and test an autonomous, low cost, wireless intelligent irrigation valve controller for wireless integrated irrigation control system for the actual demands in agricultural irrigation.

Architecture of Wireless integrated irrigation control system

Integrated agricultural production demands and learning from foreign experience in research, the architecture of wireless integrated irrigation control system is shown in Fig. 1. The system was composed of two parts, wireless sensors monitoring network and remote control center. Wireless sensors monitoring network consists of wireless information acquisition nodes and irrigation control nodes distributed in the field, the remote control center sends the commands of data acquisition and valve control though the routing nodes. Wireless sensors monitoring network uses star topology, end nodes route by way of the routing nodes to the sink nodes, then the sink nodes transmit information to the wireless access point by GPRS and control computer receives information from the wireless access point by RS232. Information acquisition, remote control, parameter setting, intelligent alarm functions are achieved by the remote control center. The system passed soil information and meteorological parameters collected by sensors in real-time monitoring to the remote control center though wireless network.

Then the remote control center automatic analysis and makes irrigation management decision to open or close valves. With timely scientific guidance amount of irrigation, the system achieved the sustainable use of water resources and automatic and intelligent irrigation. The remote control center can also share information across users through the Internet. 

Materials and methods

Irrigation valve controller description

For irrigation implementation, a field is typically divided into irrigation management units based on soil characteristics, crop water requirements, and/or economic factors prior to the installation of the control system. A wireless integrated irrigation control system is installed in each irrigation management unit to monitor soil temperature, humidity and meteorological parameters and ensure water-saving irrigation.

The valve controller developed in this study is designed to work autonomously without hard-wire connections between individual control units. Each controller is designed to operate on battery power. Soil moisture determinations and irrigation decisions occur at fixed regular intervals set by the remote control center. Real-time clocks for all controllers are synchronized for measurement and irrigation decisions. After measurements and irrigation decisions are made, remote control centre sends signal to valve controllers. Each controller installed in system is programmed to process the control commands received from remote control centre to autonomously open an irrigation solenoid valve, triggering relay boost driver unit. Finally, each controller stores the corresponding valve status feedback information from state feedback switch and transmits to remote control center.

Controller hardware

Wireless Intelligent Valve Controller shall be the core of the wireless irrigation control node, hardware modularization was adopted. UARTs, SPI port with 5 selects, 2 wire serial interface, etc. These features all make for a highly efficient, low power, single chip wireless microcontroller for battery-powered applications. This MCU was selected based on low-cost, processor speed, low power requirements, rapid software development, and ease of system integration with custom circuits. 

Power unit

Two 1.5V batteries as the input source through the power unit provide a stable output voltage for other units. Power unit contains polarity protection circuit and voltage regulator circuit. Polarity protection circuit includes Schottky diode and the decoupling capacitors. Voltage regulator circuit utilizes voltage regulator chip to ensure output voltage stably. After fully considering energy in application field, controller utilizes ordinary battery as power supply to ensure that the system works over an irrigation quarter.

Wireless communication unit

ZigBee is a two-way wireless communications technology in short distance communication, with low complexity, low power consumption, low data rate. Its complete protocol stack is only 32 KB, can be embedded in a variety of devices, while support geographic targeting. It is a protocol specification developed for small device wireless network. It is a part of the family of IEEE wireless network protocol. It has a very complete hierarchy. Wireless communication unit supported by low-power radio frequency chip with the typical external circuitry, communicated with the control unit by MCU interface and completed the wireless transceiver function. It works in the global free public band (2.4GHz), reducing the traditional wireless operating cost.

Relay boost driver unit

In sleep mode, relay boost driver unit is off. Once the controller receives the valve-driven control signal, it enables relay boost driver unit. Low-power boost chips installed in the relay boost driver unit circuitry will boost the low input voltage to 5 ~ 24V working voltage suitable for solenoid valve, send the driver pulse to control valve. Finally, each controller stores the corresponding valve status feedback information from state feedback switch and transmits to remote control center. The valve controller uses 3V battery as power, based on ZigBee protocol, waiting for remote control command. It can actuate relay boost driver unit to control valve. The MCU collects the state feedback information in real-time and transmits to remote control center. The controller supports a number of pulse solenoid valves from various valve manufacturers and can be easy to installation and operation.

Controller software

There are 4 kinds of the operation states during the controller working: the initial state, the task query state, the task execution state, sleep state. Diagram of specific state transition is shown in Fig. 3. After the wireless valve controller was powered into the initial state, the microcontroller completed hardware initialization, including the port initialization, watchdog initialization, the system clock initialization, and variable initialization, etc. Then the controller starts testing a higher-level control signal which drives it into the task query state. If the wireless communication unit detected execution signal, the microcontroller will further determine the type of tasks, for instance, valve control, status detecting, parameter setting, and then enter the task execution state. If no task is detected, the controller enters sleep state. It will be wake up automatically by software timing, then checks control signal again and enters into the task query state. It contains a main loop and several subroutines such as valve control, status detecting, and parameter setting that enable the MCU to perform the following tasks:

Initialization

-initialize hardware, including the port initialization, watchdog initialization, the system clock initialization, variable initialization; -register to routing node in the same network, report device information; -request tasks from superior; -query tasks, receive remote control commands; -process the remote commands to determine the type of tasks, execute the task -store control information, time, and valve status in the controller memory; -receive control commands from remote control center to drive irrigation valve; 

Irrigation valve controller testing

To measure the valve controller performance, a resistor circuit is used to series connect with the controller (Fig. 5). The circuit was powered by battery. Using a small resistor, resistance on the circuit can be neglected in the energy. Measured the voltage across the resistor by oscilloscope, circuit current value can be obtained in the series circuit to calculate the energy consumption of valve controller. The valve controller during operation including the initial state, the task query state, the task execution state and sleep state. To facilitate the analysis, the above conditions are divided into the state of active and sleep. Active Consumption w P can be calculated using the equation:

w w w P I T  (1) 
Where w I is the Active Current, w T is the Active Time for the valve controller.

The Average active current wa I can be obtained by the following equation: 

Results and discussion

The controller performance was evaluated at demonstrations in Beijing and Xinjiang. To verify adequate operation of the hardware and software, and the controller in the root zone on a real-time basis, some controllers were tested to simulate a site-specific irrigation system in laboratory. We chose one of them to analyze its consumption.

System hardware and software performance

The controller hardware and software performed all tasks as designed. Data downloaded from the controllers showed that the irrigation control system continually measured apparatus parameters and status information, and opened or closed the solenoid valve when needed without failure. User interactions with the controllers using a notebook computer were also successful.

4.2Consumption current in active and sleep state

Using two ordinary batteries to power the valve controller, about 1200mAh, specific test results are as follows. The performance of the irrigation controller was analyzed in terms of satisfactory operation of the controller hardware and software. The irrigation controller performance was considered satisfactory and two batteries would be sufficient to power the irrigation controller during the normal irrigation season. If the sleep time was set at 10min or more, the controller proved to be effective for the actual application in the root zone.

Tab

Conclusion

A Wireless Intelligent Valve Controller for wireless integrated irrigation control system was developed and tested. The controller proved to be reliable, affordable, and effective in practice without hard-wire connections. The wireless intelligent valve controller with control unit, combined with low-power microprocessor chip and a sound external circuit, powered by battery, received control command from remote control center, executed the tasks, such as information acquisition, remote control, parameter setting, state feedback, while the task of valve control must be driven though the relay boost driver unit. The wireless transceiver capabilities reflected in the wireless communication unit. The valve control can be widely used in different irrigation regions. Wireless intelligent valve controller fully considers the energy in application field, setting the collection/control frequency in accordance with the user demands.

Increasing solar power charge unit to controller to ensure the power supply is the next research work. Wireless intelligent valve controller is simple construction, easy maintenance, low cost and has good application prospects.
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 1 Fig. 1. Architecture of wireless integrated irrigation control system
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 3 Fig. 3. Diagram of specific state transition The irrigation controller program was written in C. The program uses the memory capacity of the microcontroller (MCU). The program flow diagram is shown in Fig. 4.It contains a main loop and several subroutines such as valve control, status detecting, and parameter setting that enable the MCU to perform the following tasks: -initialize hardware, including the port initialization, watchdog initialization, the system clock initialization, variable initialization; -register to routing node in the same network, report device information; -request tasks from superior; -query tasks, receive remote control commands; -process the remote commands to determine the type of tasks, execute the task -store control information, time, and valve status in the controller memory; -receive control commands from remote control center to drive irrigation valve;
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 4 Fig. 4. Flow diagram of controller program
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 5 Fig. 5. Resistor circuit used to calculate the valve controller energy consumption

  in one day wa P is the average current consumption for each hour multiplied by 24 hours per day, the formula can be given by valve device energy consumption in different states on one day in laboratory, we estimate the actual duration in work as follows. Days:

Battery Power supply unit Relay boost driver unit Wireless communication unit Pulse solenoid valve State feedback switch Fig. 2. Block

  It consisted of the control unit, power unit, wireless communication unit, relay boost driver unit, state feedback switch, etc. A block diagram of Wireless Intelligent Valve Controller hardware developed in this study is shown in Fig.2. Electronic devices, chips, MCU were selected to meet the low power and low cost required for the controller.

	2 11-bit DACs, 2 comparators, 2 Application timer/counters, 3 system timers, 2
	Control unit
	-Microcontroller(MCU)
	-Reset Circuit
	-Clock circuit
	-UART circuit
	-IO expansion circuit
	-AD Acquisition Circuit
	-FLASH memory circuit
	-Interface Circuit
	The microcontroller (MCU) consists of the Jennic5139, is the master device of control
	unit that is programmed to keep time and control the actuators. The device integrates
	a 32-bit RISC processor, with a fully compliant 2.4GHz IEEE802.15.4 transceiver,
	192kB of ROM, 96kB of RAM, and a rich mixture of analogue and digital peripherals.
	The JN5139 is a low power, low cost wireless microcontroller suitable for
	IEEE802.15.4 and ZigBee applications.
	It has 96kB RAM for share program and 192kB ROM for program code. It's
	peripherals include a 56-pin DIP package with 21 digital I/O pins, 4-input 12-bit ADC,

The sub-components of the control unit are a microcontroller, reset circuit, real-time clock, UART, IO expansion, analog-to-digital (A/D) acquisition, flash memory, and Interface circuit. Each irrigation controller controls four solenoid valves. diagram of Wireless Intelligent Valve Controller developed in this study

3.2.1 Control unit

  The reset circuit and clock circuit ensure equipments work reliability and stability. The JN5139 has two independent Universal Asynchronous Receiver/Transmitter (UART) serial communication interfaces. The UART connected to a level shifter connector to provide the RS232/RS485 line voltage compatible with a PC. The software developer kit uses such an interface as the debugger interface between the JN5139 and a PC. The information can be observed directly in local with RS485/RS232 communication. There are 21 Digital I/O (DIO) pins, which can be configured as either an input or an output, and each has a selectable internal pull-up resistor. Most DIO pins are multiplexed with alternate peripheral features of the device. The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer between the JN5139 and peripheral devices. The JN5139 operates as a master on the SPI bus and all other devices connected to the SPI are expected to be slave devices under the control of the JN5139 CPU.

The Intelligent Peripheral (IP) Interface is provided for systems that are more complex, where there is a processor that requires a wireless peripheral. The intelligent peripheral interface is a SPI slave interface and uses pins shared with other DIO signals. The interface is designed to allow message passing and data transfer. The controller with above DIO pins and interface circuitry can support 4-way analog inputs, 4-way control power output. A controller can support 2-way pulse solenoid valves and state switch, 2-way soil moisture sensor. Controller extends Flash memory. Data and program are stored in non-volatile memory to prevent loss if a power failure occurs. The user can download recorded data to analyze system performance.

Average energy consumption and the working duration

  .1. Valve controller power consumption current in active and sleep stateAs the sleep time is set by software, furthermore the different sleep time preprogrammed will affect the energy consumption, we test the different average current under the different circumstance. According to the different average current, we can further compute the number of days that the irrigation controller could operate without external charging at the study. was default in the program. The table lists 10s to 10 minutes of sleep time. The average energy consumption can be calculated by different time. Can be seen from Tab.2, the longer the sleep time, the longer controller can work. Moreover, the result showed that the 1200mAh battery was sufficient to maintain an irrigation quarter.

		140.000	2.0	0.280		0.300	
		60.000	3.5	0.210		0.300	
		140.000	1.0	0.140		0.300	
		50.000	100.0	5.000		0.300	
	Valve controller power consumption current in active and sleep state is shown in
	Tab.1. The range of active current w I is between 20 ~ 140mA, the operating current
	is 50mA in most of the time and the sleep current is 0.3mA. Total active time is 114.0
	ms.						
	4.3 av P	D(d)	M(m)
	10000	0.586810	0.297	0.883	21.202	56.598	1.887
	20000	0.295068	0.298	0.593	14.241	84.265	2.809
	30000	0.197084	0.299	0.496	11.903	100.817	3.361
	40000	0.147953	0.299	0.447	10.730	111.832	3.728
	50000	0.118430	0.299	0.418	10.026	119.690	3.990
	60000	0.098729	0.299	0.398	9.556	125.578	4.186
	120000	0.049411	0.300	0.349	8.379	143.214	4.774
	180000	0.032951	0.300	0.333	7.986	150.258	5.009
	600000	0.009890	0.300	0.310	7.436	161.377	5.379
	w Tab.2 shows controller average energy consumption and the working duration. The I (mA) w T (ms) w p (mAs) s I (mA)
	sleep time s	10.000	2.5	0.025		0.300	
		20.000	2.0	0.040		0.300	
		40.000	1.5	0.060		0.300	
		70.000	1.5	0.105		0.300	
		40.000	2.5	0.100		0.300	

Tab.2. Controller average energy consumption and the working duration

s T (ms) wa I (mA) sa I (mA) av I (mA) T
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