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Abstr

In order to keep the sustainable develop ?agrlcu}\h mdustry, monitoring the four
basic essential elements’ changes, whic temper umidity, light intensity, carbon
dioxide, and applying the correspo SOK reaIIy necessary. An agriculture
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meteorological monitoring syst ZigBe ess sensor networks (WSNs) and
wireless communication techn is design%n is paper. Sensor nodes are distributed in
the measurement area and form a self-org{ ing network. The sink collects information
which transmitted from se odes a , sends the information to the server. Server will
summarize the |nf0r en tak'nmysis and processing. At the end, the server will
give some correspo arnin d forecast. The cost of this system is low and could
improve the ac d tlmeﬂ\@ in agricultural meteorological monitoring.
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1. Introductio @
Crops gr and’yield is often affected by some meteorological factors [1]. Therefore, it
is necessaryq%éngthen the essential elements monitoring in agricultural industry. Essential
element @aln temperature, humidity, light intensity and carbon dioxide. With the

deve & ‘ of wireless sensor networks [2-6] and requirements of agricultural
meglcal monitoring, an agricultural meteorological monitoring system with wireless
sensor’networks is designed to realize the intelligent agriculture monitoring. The system can
predict environmental trends and the corresponding impact on agriculture. By collecting the
information like this, people can take appropriate measures to ensure stable and high yield of
crops. The system could improve accuracy and timeliness in agricultural meteorological
monitoring.

Cluster network is selected since it has simple construction, with multi-function and good
fault-tolerance. When one or more nodes are damaged, the network could form a
self-organizing network again and still functional.

The system combines ZigBee wireless sensor networks with wireless communication
technology, sends parameters to mobile phone users through GSM network. The system not
only can provide monitoring and warning, but also can give another way to provide intelligent
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prediction so that the user can be able to do the remote monitoring. The architecture of system
is illustrated in Figure 1.
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Figure 1. Architecture of Agricultur eorol %Monitoring System

The system provides two kinds of ring s@e . The first scenario designed a
software application to display the&' orin i\% e on computer. The sink collects
information which transmitted fr or node%&&t en sends the information to the server.
User could check each node's on thrqugh-the Software. The second scenario uses mobile

phone text to transmit the \wing. Cam m% ill summarize the information, then taking
analysis and processing. % is bex@ threshold, the system will send mobile phone

text to inform the use\\

2. Design arm%ement ‘n%
In our systen=the noda@collect temperature, humidity and light intensity information.

We use DHT11 to coll perature and humidity information and ON9658F collect light
intensity informatio 430 is used as the processor module and communication module of
the nodes and pro he power that the system need through the battery. The structure of

nodes is iIIugKﬁM Figure 2.
Q CC2430
@ 0 | Processor module () Antenna

Communication

On9g58F | module ()| DHTI

Figure 2. The Structure of Nodes
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2.1. Some Work in Hardware

(1) The processor

The CC2430 is a true System-on-Chip (SoC) solution specifically tailored for IEEE
802.15.4 and ZigBee™ applications. The CC2430 combines the excellent performance of the
leading CC2420 RF transceiver with an industry-standard enhanced 8051 MCU, 32/64/128
KB flash memory, 8 KB RAM and many other powerful features [7]. The CC2430 has high
performance, low power and have well anti-noise performance. We can use few external
components to build ZigBee nodes.

The sensor nodes were composed of CC2430 and other external circuits such as crystal
oscillator, bias resistance and coupling capacitance. Barron circuit is used asﬁybde's
antenna part, Barron circuit were composed of discrete inductors and capacitanc ng two
capacitance and a crystal oscillator which in 32MHz to make up the clock C@ hree lights
are designed to indicate the working status of the node powe pply stal orking status
and communication status. The schematic diagram of CC |Ilustra§y) Figure 3.
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2 sor part

8F is used here to collect light intensity information. The On9658F is a
photoelectrical integrated optical sensor, with double sensitive receiver, and add visible light
pass and N-IR cut optical filters. It is highly sensitive to visible light, and varies linearly with
illumination changing [8]. The On9658F is widely used in digital product and industry device.
We know the voltage is proportional to current, and the current is varies linearly with
illumination changing. So the voltage also with illumination is changing. We use the
transformation of voltage to calculate the value of light intensity. The schematic diagram of
On9658F is illustrated in Figure 4.
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Figure 4. Th &emaﬂc& ram of On9658F

In CC2430, the ADC supports up nalog -to-digital conversion. ADC is used to
process voltage value wh send @9 58F. In the end, the actual light intensity value
was calculated.
3 Temperatur . m|d|ty

DHT11 te 3 ure a d i |ty sensor is a complexed temperature and humidity sensor
which contams a calibrat tal signal output. Its professional digital module technology
ensures the high reliabjtity=end excellent long-term stability[9] .DHT11 was widely used for
its small size, Iow issipation and strong anti-interference. DHT11 includes a resistive
element and a Wet and temperature measuring devices to collect temperature and

humidity infégmation.

DHT11 -Wire Bus technology. In other words, DHT11 only need one cable to finish
data tra ion and sensor control. After power it on,DHT11 need 1s to complete the
initi . At the same time, DHT11 will collect and record temperature and humidity
data. s time, the pins of DHT11 is at the state of input. When we give DHT11 a low level
signals that is greater than 18ms, DHT11 will get into the output state. Then,DHT11 sends 80
us high level to the processor and processor responds with 80 us high level to DHT11, signing
the preparation is ready. After that, data will be transmitted from the DHT11 to the processor
and DHT11 will get into another turn of data transmittion

In this system, DHT11 is used to collect temperature and humidity information. The first
pins is connected with working voltage, second pins connects with data communication and
fourth pins connects with grounding. The schematic diagram of DHT11 is illustrated in
Figure 5.
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(4) Carbon Dioxide Sensor Q
In this system, C20 is used to coIIect' d|0X|de mation. C20 is made by by a
company called GSS. C20 was used in s S s ze and strong anti-interference. It
could be well used in agriculture met glca N ng.The second pins is used to send
dlagram of C20 is illustrated in Figure

data and third pins uesd to recel& e sch
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: Figure 6. The Schematic Diagram of C20

2.2. Some Work in Procedure

.

The system adopted cluster network. Routing nodes and common nodes are set according
to certain proportion. Each node has different task.

(1)The procedure design of sink

The task of the sink is completing the form of the network, searching for a new node,
collecting node data from the net and sending them to the server. The procedure design of
sink is illustrated in Figure 7.
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At the beginning, sin to ha@ itialization. After initialization, the sink will

monitor the nodes' s e sink fintha'new node, after checking whether it is connected,
if not, it will allot ID, gree wnh.%? new node to join in the network. After that, the nodes
will transmit d sink. | , the sink will transmit data through serial port.

e Pch ure Design of Sink

(2)The proced sign @mon nodes and routing nodes

In this system, clust ork is applied. So, routing nodes and common nodes will be set
according to a certai ortion. In order to prevent a node can’t transmit the data when its
routing node have&;kage or damage, the terminal nodes will contain the search function.
If a routing e is’damaged or stop working, its common nodes will search a new routing
node.

rocedure of common node is illustrated in Figure 8(a). The nodes will start
alization. After the initialization is done, the node will search the network and
quest to join in the network. Then, the node will give a low level signal no less than
18ms to DHT11. After this, DHT11 will transfer into output state and send signal to CC2430.
After accepting the data from DHT11, the node will receive voltage from On9658F and save
the data after an analog-to-digital operation. In the end, Node will transmit data which it
received and get into the next round of cycle.

For routing nodes in WSNSs, it has similar process with common nodes. The difference is
that it not only collects its own data but also collects other common node’s data. At last, the
nodes send the data to the sink. The design procedure of routing node is illustrated in Figure
8(b).
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3%9 ork in Software

is system, a software application is designed as the final display interface. The
software displays the data from the database. SQL Server is applied here to store the
information which collected from the serial port. The software provides the following
functions: (1) Dynamic displaying the temperature. (2) Showing data which from the database.
(3) Statistical computing functions. (4) The software Settings function. (5) Controlling the

status of collection. (6) Showing the status of collection. The software interface is illustrated
in Figure 9.
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In the system, computer will summarize information,ythen taking analysis and
processing. Once beyond the threshold, the s will us ile phone text to tell the user.

The software design is illustrated in Figu% . @

Mobile phone
text

‘b Software display
interface

\$ Figure 10. The Software Design

3. ment and Results
ployed some nodes to validate the effectiveness of this system. The area of the test

site is approximately 100 square meters. Set the sink as the center of the circle, 10 nodes
(contain two routing nodes) are set around it. The distance between the each nodes is about 10
meters. After 20 hours, the experimenters found that the data packet transmitted stably and
packet loss probability was low. The packet loss probability of nodes was between 2.07% and
7.08%.The packet loss probability of nodes is illustrated in Figure 11.
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4. Discussion

In this system, CC2430 is used as the proc odul.e %munlcatlon module of the
nodes. The experimenters developed the in the fa d and used DHT11 to collect
temperature and humidity mformatlon 8F i SQO collect light intensity information
and C20 is used to collected carbon ollected information will be sent to

packel loss

the routing nodes first. And th% sent to k. At last, the information will be sent
to the server. If the server rece the infogmation, SQL Server will store the information
which collected from the serial port. The e could show the data from the database. In
this design, accurately an be%@ired with low cost. Applying WSNs to the
meteorological monitQr 3‘% an ine trend. With the development of micro-electronics,
computer and wirelgss ni 4&& technique, WSNs will have much more application
prospects. The~3 % tural %@

gical monitoring system based on wireless sensor
networks will Iied %
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