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ABSTRACT

Wireless sensor networksarranged in farmland give the farmland manager
real time environment parameter data. The radio signal propagation
environment changes a lot throughout the crop growth stage because of
the changes of crop height, density and some other farmland environment
parameters. This paper collected and analyzed radio signal propagation
data of a complete growth period and established corn field path loss
model for radio signal propagation to provide support to sensor node
deployment and energy planning. The result shows that the radio signal
propagation path loss exponent increases with the growth of corn; at the
same corn growth stage, the radio signal propagation path loss exponent
reduces according to the antenna height variation. This paper uses Log-
normal distribution model to predict the radio signal propagation in corn
field and the correlation coefficients between computational values and
mesasurement valueswere between 0.906 and 0.998.
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INTRODUCTION

China’s agriculture is in the transition from tradi-
tiona to modern agriculture at present. The devel op-
ment and appli cation of information technol ogy accel-
eratethe pace of devel opment of modern agriculture.
Intheinformation collectionfield, large scale sensor
nodes arrangement infarmland and datatransmission
by wirel ess sensor networks give the farmland man-
ager red timeenvironment parameter data. Thesedata
provideareliablebasi sfor agricultural production.

Radio signal propagation environment hasagreat
impact onthesignal transmissondistance, transmission
quality. Inthefarmland environment, theradio signa
propagation impact not only by thefarmland facilities,
thefarmland terrain and the weather but also by the
farmland crops. The crops have strongimpact onthe
radio signal propagationinfarmland environment be-
cause of plantsabsorption. The cropsgerminate, grow
andfruitinthewhole growth stageand theradiosigna
propagati on environment changesalot throughout the
crop growth stages because of the changes of crop
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height, dengity.

Wird ess sensor network nodesinfarmland are d-
waysarranged vast, decentralized and far from power
facilities. Theenvironment monitoring lastslongtime,
sometimesevenyearsinfarmland becauseof thecrops’
long growth cycle. Thesefactorsrequire peopleto con-
sider thenodes coverage and therel ationship between
signal transmission and energy in the process of sensor
nodesarrangement. Thestudy ontheradio signd propa
gation characteristics of thegradually variation farm-
land environment provides support to sensor node de-
ployment and energy planning.

Wirdesssensor networksdeployedin different en-
vironments based on different gpplicationsand differ-
ent wirel ess channel shave different propagation char-
acterigtics. Intherecent years, theresearch onwireless
sensor network channel propagation characteristicsand
model hasbegun to attract more and more attention.
Theresearch mainly focuses on underwater wireless
sensor networks, underground wirel ess sensor net-
works, body sensor networksand so on. Theresearch
onwirelesssensor networksin agricultureand animal
husbandry hasjust started and few rel evant udieshave
been reported. Guo Xiuming¥, etc.analyzed 2.4GHz
wirelesschannd propagetion characterigicsontheapple
orchard with different transceiver node heights; Li
Siyut, etc. do field measurements of power attenua-
tion and packet lossrate of different growth stagesin
whest fidldsand cal culated out thetransmission range
and the path loss; Wen Tao®®, etc. studied radio fre-
guency (RF) signal strength attenuation and the corre-
spondinginfluentid factorsin citrusorchards, and adis-
tributivechart of the best antennaheight indicating the
combination of different plant depths, antennaheights
and communi cation di stance vari ations was obtai ned,
possibly providing good guidance for WSN system
configuration and node deployment in citrusorchards.

Based on thewirel ess sensor networkstransmis-
sion experimentsin chinanorthern summer cornfarm-
land, this paper studied theimpact of the corn plant
height, plant dengity and thetranscel ver node distance
onthesignal propagation. Through experimenta data
andysisthispaper established acorn fie d environments
radio signal transmission path lossmodd . Thismodel
provides support to sensor node deployment, power
control and energy planning.
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DESIGN OF EXPERIMENT

Experimental environment and objects

Theexperimentiscarried out inthecornfieldin
Beijing Academy of Agricultureand Forestry Sciences.
Itisaflat openfarmland with an areaof 100mx50m.
Thereisno other obstacleto block thesignal in addi-
tionto cornplantsinthefield.

Study objectsarethreetypica corn growth stages:
seedling, heading, grainfilling stage. The Corn seedling
stagelastslong, but the corn plant height and | eaf area
changed little, sointhisstage plantshave short height
and sparseleaves; corn plantsgrowsrapidin the head-
ing stage. The stemlength, theleaf areaand volume
grow exponentialy. Theplant height isgeneraly upto
1.5~2m. Inthegrainfilling stage, the cornleaf growth
reached alifetimemaximum andtheplant height isgen-
eraly 2m. Theexperiment monitorstheradiosignd in
different height in thethreedifferent corn growth stages
andredizesdatafitting.

Experimental equipment

We used wird ess sensor nodeswith atransmission
frequency of 2.4GHz produced by WEBEE asexperi-
mental equipment. Therecaving sengtivity of thenodes
is-101dBm and the outdoor transmission distanceis
300m.

Experimental scheme

We need to study radio signal transmission charac-
terigticsin cornfield to provide support to sensor node
deployment and energy planning. Intheexperiment we
need measurethe RSS| (Recelved Signal Strength In-
dication) in different corn growth stage and different
recalversand transmittersheight.

There are many factors affect radio signal trans-
missioninagricultura environment. Thispaper studies
the affectsof the plantsheight and density to theradio

TABLE 1: Signal quality indicator and thefactor sthat affect
thesignal propagation

the height of planting corn plants
the height of receiving and

Affect factors transmission nodes
the distance of receiving and
transmission nodes
Signal quality RSSI (Received Signal Strength
indicator Indication)
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ggnd transmisson. Themainfactorsare: plant heights,
plant foliagedengty, transmit and recelvenodeshe ght.

Experimenta study transceiver nodes need an an-
tennaarelocated withinthecornwirelesscarrier sgnd
propagation characteristicsweremeasured at different
growth transceiver nodesat different heightsof there-
celved signal strength and packet lossrate, which ac-
cordingto theheight of theantennaand transmit power
to calculate the node signal coverage for the power
control and network deployment study basis.

Figure 1 showsthe transmitter and receiver dis-
tance setting schematic diagram. Thereceiver nodeis
fixed ontheedge of thecornfield. Thetransmitter is
placed inthefield with adistance of 10m, 20m, 40 m,
60 m, 80m, 100mtothereceiver inturn.

Figure2 showsthetransmitter and receiver height
Setting schematic diagram. Thetransmitter and receiver

50m I

25M Le— i.—l —

[ ] [ ] [ ]
10m 20m 40m

|
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|

Om 60m

80m 100m
A Receiving nodes ¥ Transmitting nodes
Figurel: transmitter and receiver distancesetting schematic

diagram

antennahel ght were set to Ocm, 40cm, 80cm, 120cm,
160cm and 200cm according to the corn plant height.

Inthisexperiment, weusetheomnidirectiona an-
tennaand theantennagainis3dB. Thetransmitter and
receiver are at the same height. We measure the RSSI
dataof receiver with different transmitter and receiver
disancesand different heights.

Thetransmitting nodetransmitsasequential num-
ber for marking the serial number of the transmitted
data. After thereceiving node hasreceived thesigna
packetsit extractsreceived signal strength RSSI and
the serial number and recordsthe RSSI viathe USB
interfaceto alaptop computer. The computer cal cu-
latesthe average RSS| of each test point through self-
written software. Thetransmitting node sendsasigna
every 1 second. For each test point, the transmitter
sends 100 signalsand therecel ver recordsdl thesignal
drengthRSSl. Findly, weandyzethemeasurement data
to get theradio signal propagation characteristics of
cornfields.

EXPERIMENTAL DATAANDANALYSIS

Corngrowth information

TABLE 2 showsthegrowthinformation of thecorn
plantsindifferent growth stage.

RSS! variation

Thefigureshowstheradio Sgnd attenuationinseed-
ling, heading, grainfilling stageof corn plants. Ascan
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Figure2: transmitter and receiver height setting schematic diagram
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TABLE 2: Corngrowthinformation

The
Cro Average Average Average average
row?h row plant plant number
9 eriod spacing  spacing  heights  of leaves
P (cm) (cm) (cm) per
plant
seedling 60 40 40 6
heading 60 40 120 10
gran 60 40 200 15
filling

be seen fromtheFigure 3, asthetransmission distance
increases, thereceiving nodereceivesthesignd gradu-
ally becomeswesker.

M odel

Therearethreecommonly used wirel esssensor net-
work signa propagation path lossmodd : logarithmic-
normal distribution model; free-space propagation
modd ; log-distance path lossmodd . Logarithmic-nor-

-40

mal distribution model considering the path reflection,
diffraction, obstructionsand other factors, soit often
uselog-normal distribution model to calculatethesig-
nal propagation distance. The mathematical statistical
model isasfollows!“:

R (d) = A-10nlg(d) + X (@)
WhereA isthe model parameter, dBm; disthedis-
tance betweentherecelver and thetransmitter, m; Pr(d)
isthereceived power onthedistanced, dBm; ) isthe
path lossexponent; X isalog-normal randomvariable,
reflect therecelved signa power changewhenthedis-
tanceisconstant, dBm.

Thispaper smplified thecaculationformula(l) by
ignorerandom variable X, thekey tofix themodel isto
fix thevaueof the parameter n.

This paper fitted data according to the wireless
sensor networks path loss model to get the variation
law of n.
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Figure3: Theradiosignal attenuation in different corn growth stage
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Regression analysisand curvefitting

TABLE 3 showstheexperimenta dataregression
parameter. As can be seen from thetable, the correla
tion coefficientsaremorethan 0.9, the highest correla-
tionis0.998 and thelowest correlation is0.906.

TABLE 3: dataregression parameter

Crop

plants Nodes

%re?‘i"gg height(cm) height(cm) n R
0 ea0g 187 0.911

40 ggo 370 0954

Seedling  40cm 80 -12.1 3.32 0.992
120 -4.63 3.70 0.997

160 oy 346 0.985

200 g,,, 306 0.968

0 5476 2:99 0.906

40 50 3250964

heading  120cm 80 g5, 341 0956
120 o5, 351 0983

160 g 364 0942

200  -17.3 27 0982

0 40.49 465 0.998

4 5., 51500998

' 80 o 346 0978
fling  200em - 40.88 rot oo

2967 " T
160 ,5gg 33 0908
200 5 e 291 0988

Thetableaso showsthat theaverage path loss ex-
ponent n increaseswith the growth of the corn plant.
Theaverage path loss exponent n) is3.19 in seedling
gage, 3.25inheading stage, and 3.92ingrainfilling stage.

CONCLUSIONAND DISCUSSION

Thispaper studied onthe2.4G radio signa propa:
gation characteristicsin cornfield. Thispaper usesLog-

normal distribution model to predict theradio signal
propagationincornfield and thecorrelation coefficents
between computational va uesand measurement va-
ueswere between 0.906 and 0.998.

The experimenta resultsalso show that inthecorn
planting environment, the growth of crops causes
changesof radio signa propagation environment. The
radio signal propagation environmentsvary grestly in
different corn plant growth stages; in the same corn
growth stage, theradio signa propagation hasdifferent
characteristicsbecause of different recelvingand trans-
mission nodesheight.

Theresearchonradio sgnd transmission pathloss
analysisincornfield environment providessupport to
sensor node deployment, power control and energy
planning.

Inthispaper, we considered the height of planting
corn plants, the height of recelving and transmission
nodes, thedistance of recelving and transmission nodes
asmgor factorsaffect tosignd propagation. Inthepro-
cess of research wefind that the corn growth foliage
andfruit density are two important environment fac-
tors. Itisnecessary to join the crop density and other
environmentd factorsto carry out amoredetailed study
inthefutureresearch.
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