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Abstract: Drought and water shortage is one of the
main factors restricting the development of China's
agricultural production, with the advance of modern
agricultural policy, water resources become tighter.
The emergence of the Internet of Things, will provide a
good way for modern agriculture intelligent water-
saving irrigation. In order to effectively solve the
problem of waste water on irrigation and rationally use
water resources to effective irrigate, a water-saving
irrigation control system based on Internet of things is
designed in this paper. Firstly, design the structure of
the system. Then, according to the specific application
environment, depending on the acquisition terminal of
sensing layer, the gateway of the transport layer and
the control end of the application layer are analyzed,
the hardware is designed and the structure charts are
given. According to the composition of the system,
software structure of the system is designed. Finally,
collecting data of the system is processed by data
filtering and difference analysis, so as to obtain the
control data effectively, and achieve the purpose of
automatic control and water saving irrigation.

Keywords: Internet of things, water-saving irrigation,
software architecture, data filtering

INTRODUCTION

China is a large agricultural nation and agricultural
water consumption occupy most of water in China,
accounting for about 80%, while the agricultural irrigation
efficiency is low at present, only 45% [11], [6]. Saving
agricultural irrigation water can effectively alleviate the
problem of shortage of water resources [13], [9]. In
China, farmland is widely scattered and different crop
have different water consumption, which lead to
difficulties in agricultural water-saving irrigation [5], [4],
[1]. Using trench irrigation, waste farmland utilization and
water resources, while adopting the automatic control
irrigation technology, not only can meet the different
crops requirements of different water, rationally allocate
of various water supply equipment but can also realize
the statistical analysis of use of resources of farmland
system, so that the staff can grasp the relevant
information resources and reasonable dispatch water
resources to achieve the purpose of saving water [14].

The Internet make people without space limitation come
true, the Internet of things mainly make the human coherence
together at any place at any time, the most important is to
connect people and objects, make more intelligent and
efficient management on things, to achieve the highest output
at the lowest cost maximum efficiency. The Internet has
changed the life, but the Internet of things is the essence of
the change. The ultimate goal is to control the material, to
realize the resource optimal allocation of control, material
precise management, the most intelligent monitoring, with the
minimum cost for the biggest value [15], [8], [12]. A lot of
foreign agriculture has been implemented irrigation system
based on the Internet of things, but it is rarely used in this
aspect of the domestic. Therefore, this paper designed a
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water-saving irrigation control system based on the Internet of
things, which mainly collect soil data by temperature and
humidity sensor, set parameter of the open or close the
pumps, once reaches the valve of opening, irrigation system
automatically open the pumps, if it reaches closing, irrigation
system automatically close the pumps, which achieves the
goal of automatic irrigation and water conservation.

MATERIALS AND METHOD
The Design Of The System Structure

Irrigated data situation of farmland can be collected,
analyzed and processed by the system designed in the
paper. The system can develop an appropriate scheme
and timely irrigate. First, are set parametric conditions of
irrigation on monitoring computer, in advance of irrigation
operations depending on weather conditions provided by
the Internet. The system consists of three layers: the
perception layer, which is responsible for collecting air
temperature, light, soil moisture and other data related to
irrigate farmland, is also responsible for neighbouring
node routing; transmission network layer is responsible
for data transmission; |; terminal control layer, which used
for monitoring terminal data and control transmission
network layer, deploy related services on the server for
network members to connect, and provides data service,
the user can view the data on the server by different
ways. The structure of the system is shown in fig.1.
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Fig. 1 — System structure diagram

Wireless sensors of temperature and humidity
embedded in the soil are the Internet of things acquisition
unit, which collect soil moisture information and the other
using GPRS network model to transfer soil moisture
information to the monitoring computer installed in the
control center. Since the ZigBee wireless communication
technology with the advantages of low power
consumption, low cost, short time delay, large network
capacity and safety and reliability [7], so use ZigBee
wireless communication technology as a technology
center. Each ZigBee monitoring network has a plurality of
soil temperature and humidity data acquisition node. The
monitoring center computers recycling receive soll
moisture information sent by every acquisition terminal,
analyze and compare the received data and the crop
water requirement to them in historical database. Then
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analyzed the data meet or do not meet the need, the
most suitable for crop irrigation scheme is maken
according to the analysis results. Watering orders are
transmitted from computer monitors to the sprinkler
control terminal, which is responsible for controlling the
implementation of tasks sprinkler irrigation and other
irrigation equipment.

System Hardware Design
A. Acquisition Terminal Design

Sensing layer is responsible for rapidly, accurately
collect and transmit related data information, provide
an effective basis for the development of irrigation
schemes to adapt to the environment.Terminals are
composed of sensing nodes which represent the basic
functional unit. Given that the farmland under irrigation
for the use of detection covers a wide range as well
as plenty of senser nodes scatters in the farmland etc,
the acquisition terminals shall be designed to be
flexibly move and easily installed. Analysis of
functional characteristics of sensor nodes, the design
of sensing node structure are shown in Fig.2, mainly
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Fig. 2 — Sensor nodes structure diagram

General information acquisition board is mainly
composed of MCU (Micro-Controller Unit) unit,
acquisition unit, memory and so on. Acquisition unit
uses soil humidity and temperature sensor to collect
soil moisture data; after processing by MCU, the data
is sent to the monitoring center computer through the
GPRS network, center computer collects the
temperature and humidity data and automatically
displays the relevant information. The core control of
acquisition terminal MCU is the core of acquisition
system, this system chooses ATmegal28L, which is a
8 bit single chip microcomputer with high performance
and low power consumption[2]. Wireless transmission
module selects the high price of the RF chip CC2420.
The data acquisition unit uses "solar panel and
battery" to power for collection unit. The output signal
of sensor nodes is transferred to digital converter A/D
of internal subsystem after processing by signal
conditioning circuit. MCU starts A/D timely, converts
analog to digital and takes data. Then sends the
processed data to wireless transmission module
through the serial port, and starts the module to send
the data to the GPRS wireless network. After receiving
by the network, the data is transferred to Internet via a
gateway, eventually received by central station
computer which is connected to the Internet.
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B. The Transport Layer Design

The communication system of water saving
irrigation control system based on the Internet of
things is set in the fundamental of ZigBee wireless
communication technology and GPRS. ZigBee network
connects control nodes, wireless routing nodes and
wireless gateways whereas GPRS network transmits
the collected data to remote monitoring computers.
Wireless gateways plays a central role in the system
because it is used for protocol conversion between
ZigBee network and GPRS network, just as a bridge
between them. The structure diagram is shown in Fig.

3.
Wireless |
routing node | —
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Fig. 3 — Schematic diagram of the gateway structure

Gateway with ZigBee RF module, GPRS module,
RS232 interface, Ethernet interface, in order to realize
the conversion of two arbitrary communication buses.In
interface, mismatch of the industrial control field can
facilitate to interconnect various interface equipment. In
the application of engineering control, if interfaces do not
match, the devices with different interfaces can be
connected through a wireless gateway. More than that,
ZigBee can transmit data in the environment, in which the
arrangement of wire is hard to realize, to the monitoring
and control center by means of wireless communication
while GPRS can also transmit data to the public network
in the same way. Thus, remote control is achieved.

C. Control Layer Design

Based on analyzing the overall perception of
information, control layer realizes the automatic control of
water saving irrigation. Control terminal realizes the direct
controlling of irrigation equipment. Terminal is connected
with the scene equipment through standard interface,
after receiving the scene perception information, control
terminal firstly treats, and sends the control command
according to predetermined rules. Besides having the
function of automatic control, it also can realize the
control of field devices through the controller and PC
machine etc. Control terminal structure is shown in fig.4.
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Software Structure Design

The system uses the Internet environment, using B/S
mode to develop. The system server uses Linux
operating system which is the most popular operating
system. Java language is used to develop the front
interface and background database system uses SQL
Server 2005 which is a medium-sized database which is
easy to develop and maintain. The structure of the
software is shown in fig. 5. The field data can be timely
processed by real-time database and the processing
results are displayed on the screen, which can be used
by staff to form operators and quickly reach the field end.

Data Real-time DB
collection
interface
Historical DB
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First the sensors collect data and feedback to the
central computer. Then the system database based on a
pre-set alarm conditions call control algorithms, open or
close irrigation equipment based on the data values
which are output by control algorithm, until the soil
moisture reaches the optimum preset value of crop
growth. The user can view the data, also can realize
remote monitoring irrigation. The flow chart of control
program of runtime system is shown in fig. 6.
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Data Processing

In this system, not only manual intervention can be
achieved, but also automatic irrigation can be achieved.
Monitoring centre of the system processes the data
which are collected by sensing terminal, the user
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determine whether need for irrigation according to the
obtained data. If the automatic irrigation is enabled, the
real-time database processes the received data,
analyzes and compares them with the historical
database. The system automatically sends command
when the soil is dry, opens the solenoid valve for
irrigation. Because the Internet of things emphasizes the
connectivity between each connected things, and the
controllability of the system, sensor network in the
Internet of things is the channel of connecting the
observer and the observed object. Therefore, it needs to
process the data collected by sensor networks, release
out as observers need form to achieve better control of
irrigation purposes. This system uses the filtering and
interpolation for data processing.

Data Filtering

In the physical experiment, data obtained whether by
artificial observation or by acquisition system, is inevitably
superimposed noise signal. In order to improve the
quality of the data, the noise must be removed. Because
sensor networks is no filtering at the sensor end, there
some singular data may have been collected back, in
general use, it needs to be filtered, only observe
reasonably reliable data. To ensure that only reliable
data will be observed, it's necessary to subject the
collected data to filtering procession. Therefore, the
system employs smoothing filtering [3] easy to
calculate, in which high-frequency components and
minor disruption in the observation value are
decreased or removed on the premise that low-
frequency components are not affected, as shown in
formula (1).

i=k+N
Z ax.
i=k—N

Y

Any of the output value Y, after processing is the

result of observed value X; compute with the adjacent
elements. The filter window width is 2N | k is the

median filter window, @i is the weighted coefficient. In
order to easily calculate, must be used the matrix
expression, available formula (2).

Y =[A]X /n

Where [A] is the filter matrix, X is the input vector,

n is average parameters and Y is output vector. The
filter matrix is 7 ranks with matrix elements 1, n is 7.

The corresponding service is record [] Data
Process. Smooth (Datetime start, Datetime end, bool
linear), of which, the return value is the value of the
output filtering, start is the starting time, end is the
termination of time, linear is linear filtering.

Linear Interpolation

If observers only get the sensor location data, it
cannot reflect the relationship between observed
farmland and the observer. Thus, it is necessary to
interpolate the acquisition of sensor data; data after
space interpolating will be provided to the user, so that
the observer only has to input the location information
to obtain the required data. Because the temperature,
humidity and light are continuously changing in the
same farmland, the obtained data by using the
interpolation analysis is credible. The system uses two
simple interpolations [10].
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Two interpolations take observations of 2 point A
and B as the reference value, calculating the value of
any point, as shown in formula (3).

y= (Xzyl _lez)/l—

Where Y, is the observation value of node A and y, is
observation value of node B. Distance between interpolation
points and node A, B are X, and X, . Recent distance

between two points is L. Two interpolation method has the
advantage of being simple, free from interference of other
points, which is often used in the deployment of a network of
observation points.

The corresponding service is double [] DataProcess,
getValue (double longitude, double latitude, bool simple),
of which, longitude is longitude of the in the interpolation
points and latitude is longitude of interpolation points,
simple is interpolation sign for the two nodes. The return
values are point humidity, temperature and light
observation of interpolation point.

RESULTS AND ANALYSIS

The overall design of control system of water saving
irrigation is shown in Fig.7. Light, temperature and
humidity of crop in field are viewed and monitored by
monitoring station through sensor network and the results
are displayed in the main control computer. According to
data displayed, the staff decided whether is needed to
irrigate.

Monitoring station

GPRS Network
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The sensor network collected a large amount of data.
Through the corresponding service, data curve at any
point within the region can be collected. The object
observed by user has been transformed into the
observation object by sensor nodes. The observation can
be directly obtained by selecting location. Fig.8 shows
the latitude and longitude of the soil moisture in acres
and light curve of fertile farmland. From October 1, 2014
to October 2nd, Suzhou has experienced a period of
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rainfall, the light intensity decreased sharply during
rainfall, while the soil humidity is rising rapidly until the
rain stopped and began to fall at night.
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The limited energy of sensor nodes will reduce the life
of the network. In this paper, because the use of filtering
methods for data corresponding treatment, it reduces the
spread of unwanted data in the network, so it can reduce
the burden on the network. It is possible to reduce the
energy consumption of the network. The energy
consumption of the network is shown in Figure 9, the
abscissa represents rounds of the network work and the
vertical axis represents the current round of total energy
consumption of network operation, unit Joule. It can be
seen from the figure, energy consumption of the whole
network of this system during the operation is small, so it
can ensure that the network has a long life period.
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CONCLUSION

The system is designed to ease the problem of
domestic agricultural irrigation water waste. According to
soil temperature and humidity conditions and the demand
for agricultural crops in water, the system uses a
database system to automatically develop optimal
irrigation  strategy, both to meet the demand for
agricultural crops in water to be more conducive to the
growth of the agricultural environment, but also to avoid
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Fig. 9 - Energy consumption of the whole network
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the waste of excess water, to achieve the purpose of
saving and improve the efficiency of agricultural water
use. A test on the system was first conducted in a large
area of farmland in Suzhou. As the test showed, the
system succeeded in collecting and detecting information
about soil temperature, soil moisture, light etc, analysing
and comparing historical database with the collected
data, updating and processing the database in real time,
figuring out the optimal water demand for crop growth in
the farmland, working out the irrigation sheme that is
most suitable for crop growth, and so on. Test
experiments in Suzhou acres of fertile land show that in
water-saving irrigation system designed in this paper, the
sensor nodes collect accurate data-aware layer, transport
layer control data transmission in a reliable and less
energy consumption. So the system can better complete
automatic irrigation tasks and achieve the purpose of
saving water.
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