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ABSTRACT

Irrigation scheduling is a planning and decision making
process, the primary decision being: how much water to apply
and when to apply it. Agricultural field figures can be
obtained either by direct measurements with sensors placed
close to the soil, or by remote sensing with sensors placed in
aircrafts or satellites. In remote sensing data are obtained from
the electromagnetic wave reflected by soil and vegetation,
especially in the bands of visible light, infra-red and
microwaves. Microwaves reflection and absorption are
strongly affected by soil and vegetation water content, making
it possible to estimate these characteristics with the help of
radiometric sensors. However, conducting the measurements
at land level is advantageous over remote sensing, since it is
not affected neither by weather nor field surface conditions.
Besides, larger amount of data with better resolution in space
and time can be obtained at land level if a large number of
special purpose sensors is used. This paper proposes a newly
method based on direct measurements using wireless sensor
network (WSN) to map the vegetation water content in order
to estimate the soil moisture in agricultural fields in
coincident with RADARSAT-2 multipolarized information
The soil moisture is evaluated over six wheat fields. Results
show that, the relative error in retrieving the soil moisture can
be degraded through direct measurements by using WSN.
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1. INTRODUCTION

A Wireless Sensor Network (WSN) is a distributed
measurement system with applications in many areas:
military, commercial, scientific (environmental monitoring),
industrial, agricultural and others [1]. This system is
composed by a great number of autonomous devices, which
communicate to each other in a non guided mode (normally
by radios) forming a network. These devices, denominated
sensor nodes, execute measurements in the environment and
transmit the collected data via the network to an access point
connected to a computer, which serves as a data base. Sensor
nodes are equipped with memory and processing units and are
battery powered. WSN protocols and the sensor node
operation mode are oriented to energy efficiency, so that they
can operate for periods over a year without human
intervention.

WSN is an interesting tool which can be used in crop fields
for precision agriculture or precision farming processes.
Precision farming processes is a management method for
large agricultural fields which considers the specific needs of
each particular place inside the field [2]. Traditional
management techniques that apply uniform treatment are not
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adequate for large crop fields because their characteristics
change in time and space [3]. Soil attributes (moisture,
quantity of nutrients, etc), plant diseases and productivity vary
a lot from one area to another on one and the same field [4].
In order to carry out this management process, it is necessary
to measure soil, plant and air variables in various spots on the
field [5]. Agricultural field figures can be obtained either by
direct measurements with sensors placed close to the soil, or
by remote sensing with sensors placed in aircrafts or satellites
[6]. In remote sensing data are obtained from the
electromagnetic wave reflected by soil and vegetation,
especially in the bands of visible light, infra-red and
microwaves [7]. Microwaves‘ reflection and absorption are
strongly affected by soil and vegetation water content, making
it possible to estimate these characteristics with the help of
radiometric sensors. However, conducting the measurements
at land level is advantageous over remote sensing, since it is
not affected neither by weather nor field surface conditions
[8]. Besides, larger amount of data with better resolution in
space and time can be obtained at land level if a large number
of special purpose sensors is used. Different environmental
variables are measured with sensors placed in the field and are
transmitted by a wireless sensor network to a central
computer, even at night. The collected data are then used in
decision making processes for the field management.

Irrigation scheduling is a planning and decision making
process, the primary decision being: how much water to apply
and when to apply it. How much water to apply depends on
the soil’s available moisture storage capacity and the amount
of available water depleted from the soil profile by crop water
use. When to apply irrigation water depends on rate of water
use by the crop and the total available soil moisture.

This paper presents a newly method for irrigation used the
ground wireless sensor network in order to map the vegetation
water content for soil moister estimation. The estimated value
of the soil moisture can be applied to soil moisture irrigation
controller which either allow or bypass scheduled irrigation
cycles for irrigation process. This paper is organized as
follows. Section 2 describes how a WSN can be used to map
vegetation water content in a corn fields. A database used to
estimate the soil moisture is presented in section 3. A
methodology for the measurements process is described in
section 4. Section 5 presents some experimental results
obtained from measurements in agriculture fields, which
confirm the proposed method. Conclusions are presented in
section 6.

2. WSN AS A MEASURING TOOL

A WSN works to measure and transmit data related to
agricultural variables, acting as an element of the precision
agriculture process, radio signals passing through vegetation
will be measured in all sensor nodes to estimate plant water
content which is important in the control of growing process.

To estimate plant water content in the field, there is no need to
collect plant samples and without the use of an additional
specific sensor connected to the wireless sensor network. This
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estimation process is based on the received signal strength
information available in the radios of all sensor nodes. This
method is different from traditional remote sensing because a
distributed measurement system and low cost radios with non
directional antennas are used.

A WSN acting as a distributed measurement system can be
used to capture data from many areas all over the crop field.
The average value obtained by several measurements made by
a group of sensor nodes occupying a specific area in the field
is considered useful information about the vegetation present
in that area. The detection of less water in one area of the field
compared to the others can be used to indicate that some
problem exists in the soil-plant system in that area. The
periodic measurement of the vegetation water content can be
used to estimate variations in plant hydric potential during day
and night. Distributed measurement of plant water content
provides more representative values for agriculturists working
with precision-farming than values obtained from a single
measurement in one spot, even if taken by more accurate
equipment.

3. DATABASE
3.1 Study area

The study area is a relatively at agricultural region located
south of Saskatoon, Saskatchewan, Canada. Over this area, 6
fields of wheat were selected to conduct ground
measurements of soil and vegetation characteristics [9].

3.2 Field data

Field data based on ground measurements data and on
RADARSAT-2 multipolarized information [ 9 ] for 6 selected
fields.

3.3 Ground observation

Coincident with the RADARSAT-2 satellite overpasses, field
campaign measurements of soil surface roughness and crop
height were conducted over the wheat fields. Soil surface
roughness was measured with a 3-m profile of a pin meter.
For each field, the roughness is computed by averaging the
roughness parameters (the standard height and the correlation
length) obtained from three measurement points sparsely
distributed.

The water content of wheat was determined by using wireless
sensors nodes disposed in triangular shape distributed in crop
fields for measuring the received signal strength (RSS) at all
communication paths to calculate the vegetation water
content. The WSN used was composed by MICA2 [10]
sensor node platforms, with transmitters adjusted to 0 dBm (1
mW). These sensor nodes employ radios CC1000 [11], which
operate in 916 MHz ISM (license free) band. It was taken the
measurements of RSS at all communication paths, for all pair
of nodes. CC1000 measures and informs received power
strength as Received Signal Strength Information, which is an

Vv .
analog voltage (-~ RSS! related to received power as:

Py =—50-Veeq —455 41 0

Vs is converted for a binary value by a 10 bit ADC

present in the microcontroller Atmega 128L [12], which is a
component of MICA2. The binary indication of RSSI is
related to VRSSI as

RSSI DIG 'VBAT
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where  RSSI ,; is the 10 bit binary correspondent to

Vrssr  and VBar is the node battery voltage (about
3.0V).
The absorption factor (¢ obtained when comparing the

received power Py into two different conditions, with ( Py, )

and without vegetation ( F’Rf ..Free condition) [13]

PRV —2ad

P ®)
Equation (3), can be written in dBm as
Py —Py =p=434-2-a-d [do] (4)

Where p is the pass loss in db.

It can be shown [14] that the attenuation on microwaves that
pass through vegetation is a decreasing exponential function
calculated with a product of two terms: a parameter b, that
depends on vegetation species, and the vegetation water
content (VWC).

ﬂ —bvwe

=e (5)
PRf

The value of parameter b is almost constant. The average
values of b is 0.35 for wheat canopies. From equation (3) and
equation (5), it can be easily to prove that

VWC=% (kg/mz) ©)

4. METHODOLOGY

The soil moisture estimation over agricultural fields method is
based on the combination of semi-empirical backscattering
models of soil and vegetation with empirical relationships
derived from RADARSAT-2 multi-polarization data.

Over bare soil surfaces characterized by random roughness,
0

the backscattering coefficient (O pg.tot

(9]

) can be expressed as

—2bVWCswad

o _ Acos(9) h(l_e—ZbVWCSe09)+ o0 e
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Where A represents the vegetation scattering (Jpqv), h

related to crop height, b is an empirical parameter (b = 0.35
for wheat), @is the incident angle (10°< @ <70° ) and

0 . . . .
O pqs Tepresents the soil scattering coefficient given by

0 pes = 0.11Ms® (cos 9) ** [1— exp(—0.32(ks)l'8)]

()]

Where k is the wave number, s is the rms height of soil
surface roughness, Ms is the soil moisture.

Once VWC measured by WSN (as illustrated in the previous
0
pq,to
order to determine the soil moisture. The soil moisture can be
applied to soil moisture irrigation controller which either

paragraph) , O o Can be retrieved [9, 15] . Using qus in
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allow or bypass scheduled irrigation cycles for irrigation
process.

5. RERSULTS AND DICUSSION

Table 1 summarized the VWC for the agriculture fields
measured by WSN for node displacement d = 10 [m].

Table 1. Field measurements of VWC for b=0.35
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Crop type No. of Measured Pass Calculated
fields Loss p [db] VWC

kg /m?]
Wheat 6 22.785- 50.127 1.5-33

The collected data from the RADARSAT-2 images are
illustrated in Table 2.

Table 2: Summary of the collected field

measurements
Crop No. of Range of s | Range of crop
type fields [cm] height [cm]
Wheat 6 1.48-2 33-87

The average vegetation water content and corresponding soil
moisture were calculated and plotted as shown in the
following figure

A
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Figure 1: The relation between VWC and Soil Moisture.

From Figure 1, it can be observed that the soil moisture
increases when the VWC increases. Furthermore, it is
observed that as the rms height of soil surface roughness
increases the soil moisture decreases.
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Figure 2: Difference in measuring Soil Moisture versus
VWC
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From Figure 2, it can be observed that difference in the soil
moisture increases when the VWC increases.

Moreover, it is observed from Figure 1 and 2 that, the relative
error in retrieving the soil moisture can be degraded.

The estimated soil moisture can be applied in smart irrigation
system to soil moisture irrigation controller (acts as a switch)
which either allow or bypass scheduled irrigation cycles for
irrigation process.

6. CONCLUSION

As the demand for water increases, along with the need to
protect aquatic habitats, water conservation practices for
irrigation need to be effective and affordable. Precision
irrigation will optimize irrigation by minimizing the waste of
water, and energy, while maximizing crop yields. The most
effective method for determining the water demands of crops
is the based on the real time monitoring of soil moisture. This
paper proposes a newly method based on direct measurements
using WSN to map the vegetation water content in order to
estimate the soil moisture in agricultural fields in coincident
with  RADARSAT-2 multipolarized information. Results
show that, the relative error in retrieving the soil moisture can
be degraded.

The estimated soil moisture can be applied to soil moisture
irrigation controller which either allow or bypass scheduled
irrigation cycles to on the irrigation timer.
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