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Abstract: This paper proposean agricultural environment monitoring server systém
monitoing information concerning an outdoors agricultural production environment
utilizing Wireless Sensor NetworkWSN) technology. The proposedgricultural
environmentmonitoring server systemollects environmental and soil information on the
outdoors througtWSN-basedenvironmental and soil senspr®llects image information
through CCTVs, and collects location information using GPS modules. This collected
informationis converted into a database through the agricultural environment monitoring
server consisting of a sensor manager, which manages information collected from the WSN
sensors, an image information manager, which manages image information collected from
CCTVs, and a GPS manager, which processes location information @gtloailtural
environment monitoring server systeand provides it to producers. In additi@nsolar
cell-basedpower supplyis implementedor the server system so that it coub@ used in
agricultural environmest with insufficient power infrastructure. Thisagricultural
environment monitoring server systeauld evenmonitor the environmental information on

the outdoors remotely, and it could be expected thatsbef such aystemcould contribute

to increasing crop yiedand improving quality irthe agricultural field by supporting the
decision making ofropproducers through analy$the collected information.

Keywords: ubiquitous; agriculture; wirelesensomnetworks monitoring server




Sensor201Q 10 1119(

1. Introduction

Recently, innovatiors in information communication technologhave been accelerating the
convergence betweendlifferent industries [1,2]. The convergenceand integration of IT with
agriculturaltechnology is expecteid bean areahat could increase theddedvalue and productivity
of agriculture by applying the ubiquitous technology to the agricultural sector whiglprisnary
industry[34].

To successfully construct such a -agricultural environment, the development essential
ubiquitous technology optimized for agriculture such as sensor hardware, middleware platforms,
routing protocolandapplication services for agricultural environmeistneeded

Examples of the convergence obiguitous technologywith agriculture which is a primary
industry, on a trial basi®xist, such aghe use okensor nodes in vine culture sitndapplcations of
ubiquitous technology in livestock farming sites, @nel technology hagraduallybegun toappeatin
other small agas like he increase of production and the improvement of qualiariousagricultural
sites[5-9].

An agricultural environment monitoring system provides environmental monitoring searide
facility controlling service, andthus maintainghe crop growing environmeim an optimal status.

This systemalso improvesthe convenience and productivity of usekowever, existing agricultural
monitoring systerm are mostly applied and utilized irclosed agricultual environmentssuch as
greenhousg cattle sheg etc, asit is difficult to apply agricultural monitoring systenm outdoos
locationssuch agpaddes, fields, orchard, etc.because of aktk of IT infrastructureln addition, when
users want to verify the monitored informatiorexisting monitoring systesnthe user must manually
check the status through installed sessoiterminas installedin the agriculture facilities.

In order to solve these problems, it is necessary to deaalagricultural environment monitoring
systemthat canmonitor environmeral information and soil information in remote locatiand carbe
usedin agricultural environments which lack infrastructuiighis paper proposean agricultural
environment monitoring server system to monitor information on the outdoors by utNiZ8ig
(wireless sensor networkechnologywhich is one of such ubiquitous technologies.

If the proposed agricultural environment monitoring servestesy is applied t@an agricultural
environment, environmental and soil information could be monitored even at a remote site, and it is
expected thathis would contribute to increadecrop yields and the improvement of quality time
agricultural field bysupportingoroducerédecision makingiboutcrop production through the analysis
on the collected information.

The agricultural environment monitoring server system proposed in this paper collects
environmental information such as luminance, temperaturajdity, wind direction, wind speed, EC,
pH, CQ etc. which affect growth of crops and soil information through the WSN environmental
sensors and soil sensors installed outdoors, collects image information on the outdoors and locatior
information on the p&ition where the server system is installed through CCTVs and GPS modules,
and the information is converted into a database through the agricultural environment monitoring
server to provide suitable information to produddr®ughto a variety of servicedn addition, the
server system iset up to uspowersuppliedthrough solar cells so that it coudé used iragricultural
environmenrs with insufficient power infrastructure.
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This paper is organized as follows.cBen 2 describesrelated research, &#n 3 introduces the
structure and components of the system proposed in this papireasadvices provided by the system,
Section 4 describes indetail the functions of the system, construction methods for each module,
performance measurements for eacbdule, implementation and performance measurements of the
final system, and ®#ion 5presents our conclusions

2. Related Research
2.1. Environmatal Monitoring

WSNs have become amportanttool in environmental monitoring. The relatively low costtbé
devices allow the installation of a dense population of nodes that can adequately represent the
variability present in the environment. They can provide risk assessment information, like for example
alerting farmers at the onset of frost damage aadighng better microclimate awareness.

Johnson and Margalho monitorélde agroclimate in the Amazon, analyzirsfport range WSN
transmissioa They found that more distant nodes suffered a performance loss, while nodes closer to
the sink maintained theirthughput levels.

Another example of climate supervision is flood predittby means of wireless sensuisich can
detect rainfall, water leveland weather conditions. The sensors supply information to a centralized
database systefd0]. Pierce ancElliot extended the implementation to a regional andaom sensor
network operatingat 900 MHz that provideremote, reatime monitoring and control of farming
operations in two agricultural applications, a weather monitoring network and -arnonfrog
monitoring network11].

Ayday and Safak presented a moisture distribution map obtained through the integrativ®Nf
with a GIS (Geographic Information Systenfhe wireless nodes with moisture sensors were located
at predetermined locations; geodnapcoordinates of these points were obtained with GPS and then,
all the information was evaluated usitng GIS [12].

Hanet al.developed a wireless data transmission system using wireless ZigBee motes, developed to
remotely monitorin real timesedimentrunoff at a lowwater crossing The gateway transmitted the
sensor signals to an Internet server using the GBS

Hamrita and Hoffacker developed a lab prototype for wireless measurement of soil temgerature
The system was basesh a commercial 136 MHz RFID tag. Measurements showed a high
correlation (greater than 99%) with those obtained using a thermog¢adple

2.2. Precision Agriculture

The development of W applications in precision agriculture makispossible to increase
efficiencies,productivity and profitabilityin many agricultural production systenghile minimizing
unintended impacts on wildlife and the environment. The real time informabtainedfrom the
fields canprovide a solid base for farmers to adjust strategies atimeylnstead ofmakingdecisions
based in some hypothetical average condition, which may not exist anywhere in reality, a precision
farming approach recognizes differences and adjusts management actions acddrslingly
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Baggiodeployed a WSN for fighting phytophtora in a potato field. Phytophtora is a fungal disease
which depends on the climatological conditio®68/916 MHz motes were used for measuring
humidity and temperature. The aim of the systeasto reveal when the cpowas at risk and let the
farmer treat the plants only whesally needed16].

2.3. Viticulture

Plant monitoring, also called phytomonitoring, is easier usingN8/5or example, with the help of
a WSN the owner of vineyard can manage tbperationof the vineyard more efficiently and
automatically. Burrelet al. havedescribed a variety of sensor network configurations and applications
that can address different priorities in the vineyglrd. Beckwith et al. implemented a WSN in a
vineyard consising of 65916 MHz motes. Temperature measurements were collected during one
month. The information was used for addressing two important parameters in wine production: heat
accumulatiorand potential frost damag&8].

Morais et al. haveshown the feasibility of ZigBee based remote sensing network, intended for
precision viticulture. The network nodes were powered by batteries that are recharged with energy
harvested from the environmgni).

2.4. Greenhouses

Automation and efficiency are crucia greenhousenvironment monitoring and contrah order
to control and monitor the environmehtactors, sensors and actuators are essential. Greenhouse crops
can benefit a lofrom the use ofWSNs, because inside the greenhouse the crop conditions such as
climate and soil do not depend axterior factors andhe implementations ardus easier than in
outdoor applications.

The first application of WSN in a greenhouse was reported in the year [RO@8 a monitoring
and control system developed by means of Bluetfi@ih Sincethen several applications i@ been
developed, most of themmaking use of IEEE 802.15.4/ZigBeé&or exampleGonda and Cugnasca
presented a proposal of a distributed greesborontrol and monitoring system using ZigBad).

Yoo et al. describé the results of real deployment of a WSN IEEE 802.15.4 compdigstemto

monitor and control the environment in greenhousd®re melors and cabbage were being

grown [22]. LeaCox et al. developed a WSN in a greenhouse, that integrates a variety of sensors
which can measure substrate water, temperature, electrical conductivity, daily photosynthetic radiation
and leaf wetness in reime. Benefits came from an improved plant growttore efficient water and
fertilizer applications, together with a reduction in disease problems related tovateeing[23].

Liu et al.reported a WSN prototype witlntwo-part framework for greenhouses. In the first part,
several sensor nodes were ugetheasure temperature, light and soil moisture. The other part consists
of aGSM module and the management software basedlatabase running on the remote [24).

Zhouet al.designed a monitoring system based on ZigBee, using a star network topsidgythe
greenhouse and a mesh topology for the connection between the greenhouses and the manageme
system[25]. Yang et al. reported a multfunctional remote sensing system that integrates RFID
technology with spectral imaging and environmental isgngn a greenhouse. The mesjpectral
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imaging system was used for remote sensing of the canopy of cabbage seedlings. Greenhous
temperature, relative humidity, and lighting conditions were measured above thi26rop

3. System Architecture and Servicé’rocess

The agricultural environment monitoring server systepnoposed in this paper collects
environmental information such as luminance, temperature, humidity, wind direction, wind speed, EC,
pH, CQ etc. which affect growth of crops and soil informatidimrough the WSN environmental
sensors and soil sensors installed at the outdoors, and collects image information on the outdoors an
location information on the position where the server system is installed through CCTVs and GPS
modules. The informationoflected in real time like this is converted into a database through the
agricultural environment monitoring server, which provides suitable information to producers
according to a variety of services. Thistion describes the structure and componenth®proposed
system and services provided by the system.

3.1. System Architecture

Existing webbased monitoring systesrsuch as WAGRIThave a structure that separates data
acquisition devices anthe web serverHowever, the proposed agricultural environment monitoring
server system has a structure that integrates the WSN sensors, CCTVs, GPS modules, database serv
web server, DVR serveretc. to collect environmental information on the outdoors and image
information into a device for collectingarious pieces ofinformation on the outdoors environment,
and provides regime monitoring and various application services based on this information.

As shown inFigure 1, the proposed system is composed of a phykgat, which consists of WSN
sensors, CCTV, GPS, solar cedige. to collectinformation on the outdoors environment, a middle
layer, which supports communicat®ietween the physical layer and the application layer and
converts the outdoors information collected from the physical layer into a database to provide data
requested from the application layer, and an application layer, vidiefuipped withinterfacesto
support various services for producers.

The WSN sensors are composed of environmental sensors to collecnerantal information
including luminance, humidity, temperatustc. and soil sensors to collect soil information including
temperature, ECsoil pH, etc After they are distributed outdoors and every sensor node faims a
autonomous network, they send physical information aedéiiom sensor nodes to the server system
by wireless

The CCTV system collects image information on the outdoorseah ttme to provide outdoor
images to user and the GP$nodule collects location information on the installed server system and
the collected outdoors information.

The solar cell supms power for the server system installed outdoors, taedsystem ishierefore
applicable in aragricultural environment with insufficient power infrastructure becaaseoperate
even ifno external power is supplied to the server system.
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Figure 1. Agricultural Environment Monitoring Server System Architecture
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The sensor managarana@sdataacqusition from the soil and environmental sensors, extracts the
soil and environmental data by processing the collected pdatiges into a format which could be
stored in the database, and storés thedatabase asends it to other server systems for processing by
converting the processed data into the format suitable for the measurement elements.

In addition, the expatebility and convenience ahe server system is improved by enablibhgo
selectthe sensors tde used anthe databasén which the data i$o be stored through a simple menu
in order to integratand managédifferent kinds of sensors

The GPS manager extradbcation datacomingin through serial communication from the GPS
module to store it ithe database, extradtse latitudes and longitudes from the received data usiag
&GPRMC format of NMEA 0183, and stores them in the database thian'gynsert' query statement
after converting therappropriatelyfor each unit.

The image information anager provides images taken from CCTVs to the Web as stigedata
and stores them in the database.

The database st@eenvironmental and soil datamage data, location information data and
environmental reference values for notifying conditions edoh table, and creates average statistical
information by using the collected information.

The web server provides an environment that users could monitor data processed by the
components and environment of the outdoors through a Web browser anywhat@aytime.
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3.2. System Services
3.2.1 EnvironmentaMonitoring Service

The environmental monitoring service is a service to dtotbe databasenvironmental and soil
information collected fromthe WSN sensors installed on the outdoors, atidw usersto monitor
environmental informatioabout the planted cropga the Web server anywhere in real time.

Looking at the detailed operation of this service, the WSN sensors installed in the outdoors collect
environmental and soil informaticand periodcally ser the sensing data to the sensor managen
the sensor manager parses and analyzes the received sensing data to extract each sensing value :
convert its format to store it into each table of the database.

Theweb server fetches environmerad soil information on the outdoors stored in the database to
send it to a GUI at regulantervals and userganmonitor the outdoorenvironment information on
via the GUI.Figure 2 shows the operating processtioé environment monitoring service.

Figure 2. OperationProcess othe Environment Monitoring Service
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3.2.2 Image Monitoring Service

The image monitoring service is a service to provide image information on the outdoors to users
through the CCTV installed on the server systdine CCTV sends the collected images on the
outdoors to the image information manager, and the image information manager provides the receivec
images to a GUI by means of réahe streaming service via a DVR server and classifies the sttkam
data to store it in # databaseln addition, when users request image data stored in the database
through the GUI, it would be provided to theRigure 3 shows the operating processthé image
monitoring service.
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Figure 3. OperationProcess othelmage Monitoring Service
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3.2.3. LocationMonitoring Service

The location monitoring service is a service to provide location information on the server system

1119¢

and location information on the current monitoring place through the GPS madtelgrovision of
location informationis important because remote sites chéwk such information.The location

monitoring service extracts latitude and longitude data from the location data received via the GPS

module by the location information manager, and stores it into the datdlese.the Web server

requests latitude and longitude data stored in the database to be sent it, and displays the ltdwation of

server system on a map based on the latitude and longitudeedairgedthrough the GUIFigure 4

shows the operating processtlod location monitoring service.

Figure 4. Operation Process tfie Location Monitoring Service
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3.2 4. Condition Notfication Service

The condition notification service is a service to prevent damngeronditions beforehand by
notifying users in real timeboutchangesin the outdoors environment and takisgme measure.
Figure5 shows the operating processlo¢ condition notification service.

Figure 5. Operation Process ttie ConditionNotifi cation Service
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The data semsl by theenvironmental sensors is sent to the sensor manager. The sensor manager
extracts sensing values from the received data to store them into the database. The Web serve
monitors the stored sensing values periodically to nosirsthat an event iscurredif they are over
or belowsomesetreference value.

3.2.5. AverageStatisticsService

The average statistics service is a service to show users the sensing information incoming througt
environmental and soil sensors as a graphic form by compiling is&fisto someconstant ung in
order to understanthe environmental properties dhe plantedcrops. Crop productioncould be
increasedby better understandinghe environmental properties of plantations and selecting crops
suitable to the environmetitrough this service.

4. Implementation and Results

To verify theagricultural environmentmonitoring serversystemproposed in this paper, a prototype
was manufactured, installed the real outdoors, and the systaras tested. Even though the initial
prototype version 1 could monitorall the outdoors environmealtdata such as soil information,
environmental information, image information, location information acquiring from sensors and other
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physical devices through the GUI, it could notusednormally because the power consunhgdhe
serverwas significantly larger than the power generdigdhe solar cells sthere wasa problemthat
making the effective use tinghort. In order to solveuch a problenthe prototype version idcludes
a low-power system with embedded board modules, iandrporatesa compact web server and
database usinguilt using Window CEbased mobile programmingp the power supplyproblem
could be solved, and tlmutdoors environment could be monitoedtectively.

4.1. SystemConfigurationof PrototypeVersion 1

The initialy manufacturedorototypeversionl of the agricultural environment monitoring server
systemis shownin Figure 6, and comprisedsoil sensors, environmental sensors, CCaNg GPS
module to collect information on the outdoors environment and image information, solar cells to
supply power for the server system, and a server to process and store the collected information.

Figure 6. Prototype Version 1 athe Agricultural Environment Monitoring Server System

The soil sensar collect information on soil temperature and soil moisture in the outdoors
environment, anérigure 7 and Table 1 show that the specificationh®oil sensors anthe specific
hardware used in the agricultural environment monitoring server system

Figure 7. Soil sensor

(A) Soil Sensor Probe (B) Soil Sensor Receiver
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Table 1.Hardware Specifications dfie Soil Sensar

Type Specifications
Measuring Range Moisture: 0~ 99.9%
Temperature: 6 60C
Accuracy Moisture: 3%
Temperaturei.5C
Sensor Type FDR (Frequency Domain Reflectometry)
Power Supply DC9~15[V]
Operating Range 0~60C
Size Probe length 12 cm 38 mm
Current 25 mA

The environmentalsensor node receives the sendata from temperature, humidjtipuminance
sensors. It processes the dating aMSP430 MCU[27] and transmits them to relay nadend
gateway, usinga CC2420 RF chig28]. In order to reduce thienpactof the heat the sensor receives
from the node, thaode and the sensarekept at acertain distance from each oth&he MSP430 is
a 16 bit RISC with 48Kbyte program memory and IKbyte RAM inside. It can process multiple
sensor data at high speed. CC242@ RF chip supporting Zigbee. It supports thd00 ~ 2,483.5
MHz frequency bandlIt operates in DDDS method, suppottee O-QPSK modulation method
and 250kbps baud rate. It enables real time wireless communication with small power consumption.
Figure8 andTable2 showthatthe specifications ahe environmentakensor anthe hardware used in
theagricultural environment monitoring server system.

For the CCTV an Ibased surveillance camera was installed. These cameras are normally used to
determine when a burglary or an accidemt. has occued, or to check the current outdoors
environment in real time by monitoring and recording the outdoors environment 24 hours a day.

Figure 8. Environmental Sensor
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Table 2. HardwareSpecifications othe Environmental Senssr

Hardware Type

Hardware Specifications

Processor
(MSP430F1611)

Data Bus Width: 16 bit

Program Memory Size: 48 KB

Data RAM Size: 10 KB

Maximum Clock Frequency: 8 MHz
On-Chip ADC: 8chx12bit

On-Chip DAC: 2chx12bit

Number of Programmable 1/Os: 48
Interface Type: USART

Operating Supply Voltage: 1.8 Vto 3.6 V
Maximum Operating Temperature: 85 €
Mi ni mum Operating Temperat

RF Device
(CC2420)

Radio Frequency (Mhz): 2,400
Max. Data Ratékbits/sec): 250
Antenna: PCB Antenna or SMA

Temperature Humidity

Vmax (VDD): 2.4i 5.5

Sensor Humidity range: 0100% RH
(SHT-71) Humidity Accuracy: 3% RH (2080% RH)
Repeatability: #.1% RH
Temperature Accuracy: 0.4 C @ 25 €C
Luminance Vmax (VDC): 150
Sensor Pmax(mw): 100
(GL5547) Ambient Temp(€): X80 ~+70

SpectralPeak(nm): 540
Response Timéms): Rise 20, Decay 30

The GPS module collesthe

location ofthe server system installed outdoors and the location

information of the collected outdoors informatidigure 9 and Table 3 showthatthe specificatios of
GPS module and hardware used indgacultural environment monitoring server system.

Figure 9. GPS Module
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Table 3. HardwareSpecifications othe GPS Module

Type Specifications
Max. Update 4 Hz
Sensitivity Acquisition: T1T160 dBm
Tracking: T160 dBm
Cold starts: 1160 dBm
Operating Temperature |140€C ~60C
Protocol NMAEA

The solar cell supjds power for the server system installed outdoors, and the server system could
be operated through it evennb external power is suppliediigure 10 shows the solar cells and
batteries used in thagricultural environment monitoring server system.

Figure 10. Solar Cell and ®rageBattery,

o
H ’
I
- - - ’ : =

(A) Solar Cell (B) Storage Battery

The server process andstores the collected information and provileé to users, and a database
and a Web server are built on the {pawer PC aseen inFigure 11.

Figure 11. Agricultural Environment Monitoring ServébDatabase, Web Server)
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Even though the prototyperersion 1 manufactured aglescribed was showrio monitor
environmental and soil information, image information, and location information acquiring from WSN
sensors and other physical devices throughGhk#, it has serious power consumption issues that
limited its practical use.

4.2. SystemConfigurdion of PrototypeVersion 2

In order to solve the probleswof prototypeversionl, prototypeversion2 was built to incorporate a
server with low power embedded board modules, the CCTV cawesraeplacedo redue@ power
consumptionwhile the soil sensors, environmental sensarel GPS modules useslere the same am
prototypeversionl. Figure12 shows the finished prototypersion2. Figure 13 shows the low power
embedded board module used in prototypesion2, in which a database and a Welpvee are built to
process and store the collected information or to provide it to freenghe embedded boardhelow
power embedded board module used in prototygysion2 has the hardware specificatidisted in
Table4.

Figure 12. Prototype Versior2 of Agricultural Environment Monitoring Server System
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Figure 13. Embeddedoard ModulgGateway Database, and/eb Servey.

Table 4. HardwareSpecifications othe Embeddedoard Module

Type Specifications
System CPU: 32 Bit RISC ARM1179J4%67 MHz
RAM: 128MB(mDDR), OS: 48 MB/APP: 80 MB
Flash: NAND Flash: 128 MB (OS: 50 MB, Storage: 78 MB)
SD Memory: SD Support 16 GB
Audio: Stereo Sound
Power: DC 9~ 24 V (9 V/500 mA)
Operating Teqp&rature: 110
Communication RS232: 2 ch
RS485: 1 ch{Auto)
TTL: 1 ch
USB Host: 2 chUSB 1.1
USB Device: 1 chUSB 2.0
Ethernet: 10 Mbps
WLAN: USB Type Wireless LAN
12C: 1 ch
SPI: 1 ch
Extension Port GPIO: 16EA(3.3 V)
PWM: 2 ch
AD Converter: 12 Bit/4 ch

The problers of prototypeversionl could besatisfactorilysolved through tbse changesand the
agricultural environment monitoring server systeould collect information without malfunctiorg
even inareal outdoors environment and provide +&ale monitoring and various application services
based on the informatiofiable5 shows the power consumption of each module and the power supply
of thesolar cells installed on prototypersion2.
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Table 5. Powver Consumption oModule and PoweBupply of Solar Battery

Module Power consumption
Voltage Current Power
GPS Module DC5V 0.2A 1w
Embedded Board Module DC9V 500 mA 5w
CCTV Camera DC9V 400 mA 4 W
Soil Sensor DC5V 10 mA 0.05 W
Environmental Sensor DC3V 2.3A 6.9W
Total DC 12V 14A 16.95 W
Supply Power
Module Voltage Current Power
Solar Cell DC 26.4V 7.6 A 200 W
Voltage Capacity (20HR)
Battery DC 12V 64 A

4.3. System Implementation
4.3.1. Sensor Manager

The sensor manager in the proposed system pres#iss sensing data collected fraime WSN
sensor nodes installed outdoors to store in the database or to send thesaaotber server system,
and the implemented sensor manager parses the raw dataecollemn environmental and soil
sensors into the required yrasshown inFigure 14.

Figure 14. Implementation ofthe Sensor Manager
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The soil and weather data values obtained by parsing the raw data are stored in the database throug
the sensor managedfigure 15 shows the resudtof that the soil and weather data values obtained by
parsing the raw dathatare stored in the database.

Figure 15. Environmental Information Tabl@) and Soil Information Tablé).
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2 g 1 22 715 26 2007-11-01 2.,
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B 15 1 23 710 25 2007-11-05 2.,
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I 21 1 23 716 25 2007-11-07 2.
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In addition, the sensananager sergddata to other server systenksgure 16 is a screershowing
the datasentby another server system, are environmental data values processed on another server
are coming ineven though it does not collect any data through WSN sensors.

Figure 16. Screen thaReceiveDataSern by AnotherServerSystem
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Socket 5000:01318 28 498585
Socket 5000:01319 28 49 85 85
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4.3.2. GPS Manager

The GPSmanager extracts location data coming in through serial communication from the GPS
module to store it into the databagegure 17 shows the location informatiomanageinterfaceand
thelocation informatiorvaluesstored in the database.

Figure 17. GPS Manager and GPS Information Tabl@) GPS Manager(b) Location
Information Table

=10 x|
AE ~E
tutLatitude |34. La7179
tutLongitude ||2?.285934
TG |212?49,SD
_ (a)
DIE - dbo,GPSdatal” H|0|E - dbo, EnvData | '22F
seq | longitude | latitude | kime date
3623 34.582187 127.286146 233531.80 2007-11-19 5.,
3624 34.582149 127.286113 233541.80 2007-11-19 5.,
3625 34.582121 127.286043 233551.80 2007-11-19 5.,
3626 34582182 127.285957 233601.80 2007-11-19 5.,
3627 34582206 127.285956 233611.80 2007-11-19 5.,
3628 34.582244 127.285986 233821.80 2007-11-19 5.,
(b)

4.3.3. GUI

The data collected from the physical layer is processed by each méoragjeragein the database,
andis presenéd on theGUI to users via the Web servéigure 18 below showsa Web GUI provided
to users, wherev is a result of monitoring imagesyhere the image data coming in through the
camera is displayed as images of the place where this server is installed by the streaming service
through the information managéf. is a result of the location monitoring service, whittowsthat
the current location data of the collected server system is mapped on the map with red ynaakels.
Y display environmental and soil data stored in the database through the sensor manager. Finally
Z shows datacquied fromenvironmental sensors as raghic form by averaging them.
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Figure 18. Web GUI for Agricultural Environment Monitoring Server System
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From the implementation ressiltiescribedabove, it could beseenthat outdoorsenvironmental
information and image information could be collected through sensors and image surveillance cameras
andthe outdoorsenvironment could be always monitored throagtserintuitive GUI.

4.4. Field Test Results

To implement the design dhe system proposed in this paper and evaluate its performance, the
agricultural environment monitoring server systeas installedat a real outdoolocationto monitor
the environment.

Figure 19 is a graph that represents environmental data measured lprapesedagricultural
environment monitoring server systetiat is installed to be operational in the real agricultural
environment, and it could be seen from this graph thaaghieultural environment monitoring server
systemnormally processes informah sensed from WSN sensor nodes installed outdoors without
malfunction.

In addition,according tdhe power consumption field tgstheagricultural environment monitoring
server systersould be operated for about 24 hours by charging with the solarfeetbout 10 hours,
and the proposed system could be operated with only the solar cells installed on theveyistem
requiring awired power supply connectioor anyadditional charging proceskigure 20 is a graph
that represents the resulof thepower consumption field test of the proposed sysfEmough the
above resu$ it could be found that the proposadricultural environment monitoring server system
collects information even in tha real outdoors environment without malfunctiamd provides
reaktime monitoring and various application services based on the information



Sensor201Q 10 1120¢

Figure 19. MeasuredEnvironmental Data Grapl{a) Temperature Graph (2010.02.23)
(b) Humidity Graph (2010.02.23jc) LuminanceGraph (2010.02.23)
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