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Abstract— The monitoring of water level in the agriculture
irrigation channels is essential to control the opening gates of
these channels. In this way, WSNs (Wireless Sensor Networks)
have high relevance to obtain this kind of data. In this paper, we
propose a sensor to measure the depth changes in irrigation
channels to control the gates opening. It is connected to an
Adafruit Feather HUZZAH based on ESP8266, which allows us
to build a mobile edge computing system. The developed sensor
is based on two coils. Sinus-wave powers the first one, and the
second is induced. The coils are winding over a polyvinyl
chloride (PVC) that has high resistance for corrosion and low
price. Besides, we use copper wire as a conductive metal. We test
two different configurations of coils. P1 has five spires for the
powered coil (PC) and ten spires for the induced coil (IC). On
the other hand, P2 has 40 spires for the PC and 80 spires for the
IC. The two prototypes were coiled in one layer. Then, both
sensors are tested using a glass bottle where the water column
increased with the target to obtain the information of the depth.
In both prototypes, the difference of voltage between the
maximum and minimum studied depths is more or less the same,
4.46V for P1 and 4.44V for P2. Nevertheless, during the
stabilization test, the P1 showed better adaptation for the
turbulences than the P2. The P1 shows an oscillation of 0.48V,
where the P2 has a maximum fluctuation of 3.2V.

Keywords— Precision agriculture; inductive coils; level coils.

L INTRODUCTION

Agriculture is responsible for the production of the food
that we consume. This activity has suffered various
revolutions due to the demands of increasing food production
to feed the population. These revolutions have increased
production, but they also increased the adverse effects in the
environment. The main are (I) Use of pesticides, (II) Use of
excessive fertilizers, (IIT) Use of a large quantity of water, (IV)
Wrong soil tillage. Nevertheless, agriculture has positive
effects on the environment and positive ecological impacts on
the biodiversity of some animals [1].

Regarding the water, different studies indicate that
agriculture uses 70% of the water used in the world and over
40% in many OECD countries [2]. The freshwater is a
valuable and limited resource due to its availability. The
unsustainable use of groundwater and water bodies united to
the decrease of water by global warming endangers food
security in the future. Different methodologies have been
developed to reduce water use in agriculture. Some of them
are: drip irrigation, the use of sensors, reduce the amount of
irrigation water, reuse of wastewater, etc. The use of
technology, methodology of watering, and study of the
variability in crops is englobed in the definition of precision
farming.
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Precision farming can be defined as the management of
variability of crops and animal performance to improve
benefits and reduce environmental impacts [2]. Even with the
advantages of precision farming, many farmers do not apply
it. For fostering precision agriculture, it is essential to transfer
this knowledge to farmers and boost their participation.
Besides, larger farms are more likely to use new technologies
than little farms [4]. It is foreseeable that the increase in food
production will be linked with precision farming. Precision
farming improves the agriculture in two different ways. First,
increasing the sustainability of agriculture by the reduction of
environmental impacts,. Second, by lowering costs and
increasing revenues. Thus, more significant economic
margins are produced. This increase of benefits will help to
avoid abandonment of fertile lands as it is happening in many
developed countries.

One of the leading technologies used in precision farming
is WSN. Nevertheless, The WSNs need improvements in
power saving energy and data security [5]. In [6], the authors
presented an algorithm for energy-saving and fault tolerance
of the WSN for precision farming. The WSNs are composed
of a physical sensor that takes the measures, and a
microcontroller that controls the physical sensor and transmits
the data to an access point or Internet. On the Internet, the data
is transmitted to the final user. Another available technology
for precision farming is remote sensing. Nonetheless, this has
essential gaps that are inhibiting their use. The use of satellite
and airplanes have problems with the high cost and the
frequency of the obtained data. To solve the problem in the
periodicity of the collected data, we can use drones. The
drones are cheaper than airplanes or satellites. However,
weather conditions and their limited batteries prevent real-
time control. Due to the gaps mentioned above, WSNs are the
best monitoring option. The use of an inductive sensor has
been demonstrated as an alternative for monitoring the
conductivity of water. This sensor can be used for detecting
irregular values of conductivity, which can be related to the
illicit discharge [7]. Nevertheless, as far as we know, the use
of the inductive sensor for the monitoring water level in open
channels has not been studied.

In this paper, we present a sensor for measuring the water
level in the irrigation channel. We use the sensor with valves
that will close or open the irrigation canal gates. The actuators
will close the gate (in the primary channel) when it is
necessary to send water to a secondary channel (highest) and
will open it when it is no longer required to carry more water.
Besides, the level sensor is used to verify that the water
effectively reaches the secondary channel. This sensor is
based on two coils. One of the coils generates a magnetic field
and the other one is induced. The coils are wired on PVC pipes
which provides greater robustness to the sensors. In this way,
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when it is located in the channel, the sensor is not affected by
the hitting of sediments or by other animals that can hit it.

The rest of the paper is structured as follows. The related
works are presented in Section II. In Section III, we explain
the test bench of the experiment. In Section IV, we show the
structure for our system and the microcontroller used. The
results and discussions are described in Section V. Finally, in
Section VI, we explain the main conclusion and future work.

II.  RELATED WORK.

In this section, several papers similar to our proposal are
analyzed. First, they are discussed and later compared with our
solution.

The inductive sensors have been presented previously to
monitor the water level. Rocher et al. [8] demonstrate the use
of a similar sensor for monitoring water levels inside pipes. In
this paper, the authors defend that this sensor can be used for
monitoring illegal dumping, obstruction, and leaks in pipes
networks. The sensor consists of two coils (PC and IC) coiled
over a semi-cylinder of PVC with 20 mm of diameter. They
tested different prototypes coiled in various forms and with a
different number of spires. They concluded that the prototype
with 55 spires in induced and powered coils was the one with
the best performance. In this paper, the authors focus their
efforts on pipes, and they did not study the use in open
channels. The prototypes tested are not suitable for monitoring
irrigation channels due to their semicircular shape. These
sensors can be easily misadjusted because they have two
separate pieces.

Another alternative is the use of video. Tauro et al. [9]
proposed the use of large scale particle image velocimetry.
This is a methodology for monitoring the surface flow in the
environment with extreme floods. They used a GoPro Hero 3
and two green lasers located in a telescopic bar. The GoPro
captures the image and, with an algorithm, detect floating
elements and estimates the speed of the water in an area
according to the position of the floating elements frame to
frame. Two lasers are used for calibrating the system with two
fixed points. The video analyzers have two critical gaps that
make them unsuitable. The computation needs for processing
the video is the first one. The second is the need for the water
to transport an object. In many cases, the water does not
transport any object that can be used for the camera to control
the velocity.

Another alternative is presented by Michailovsky et al. [9].
They studied the use of Satellite radar altimetry (obtained to
Earth and Planetary Remote Sensing Lab (EAPRS)) for
monitoring the surface water in the Zambezi River basin. The
objective was to calculate the discharge of the rivers in the
basin. They studied three scenarios (I) with an in situ rating
curve available, (II) with one simultaneous field measurement
of cross-section and discharge, (III) with historical discharge
data available. These scenarios have been compared with the
values of the real discharge. They obtained that the first
method has an error between 4.1 and 6.5 %, while the other
methods have an error of 6.9 to 13.8 %. The significant gap in
the use of satellite images is the frequency of the obtained
data. The satellites have a return time to the same point, which
can go from a few weeks to months. This makes them a lousy
method for continuous data collection. In addition, the article
mentions that due to the resolution of the satellite image, it
could not be used in rivers with a width of fewer than 80 m.

The electrical conductivity of the water can be used to
evaluate the water level in an area or a tank. Hernandez-
Nolasco et al. [11] developed a system for floods based on the
electrical conductivity of the water. The system consists of a
microcontroller Netduino Plus 2 to process and send the
information. On the other hand, the sensing part consists of
different open circuits that close when the water touches the
two ends of the loop. The circuits consist of a copper wire
which is in the base and secondary copper wires, which are
located at different heights. When any of the circuits closes, it
sends the information to an access point, and from this to a
computer. If it is necessary, the computer processes the
information and sends an alarm to the smartphones of the
population. This method can be used in the case we want to
set a threshold value. The proposed system only tells us when
the water has reached a point. Nevertheless, this system does
not give us information about the amount of water between
points.

Capacitive sensors are another alternative to measure the
water level. Reverter et al. [12] used a capacitive sensor for
monitoring the water level in a metallic tank. The sensor has
two electrodes, where one is insulated. The water level can be
calculated due to the change in the difference between the
dielectric value of air and water. This type of sensors is not a
solution for open channels. Due to this, we need to place
sensors with a height equal to the height we want to control.
Besides, the presence of sediments or rocks, which are
deposited in the lower parts of the electrode can affect the
measurement.

Other types of sensors are based on acoustic or light
reflection. These sensors emit light or acoustic waves that are
reflected in the surface of the water. However, these methods
have problems when they measure in areas with high agitation
or with the presence of waves. For solving this problem, Li et
al. [13] proposed the use of multiple-input multiple-output
ultrasonic transducers. They used them as transmitting
elements and as receiving elements. They achieved an
improvement in measurement accuracy. The main problem
with these types of sensors is that in our scenario, the
differences distance between the emitter and the receiver
might be modified due to the presence of animals. These
modifications cause the sensor cannot be accurate.

Finally, the last alternative analyzed for measuring the
water level is presented by Antonio-Lopez et al. [14]. They
showed an optical fiber sensor for measuring the water level.
A multimode fiber without cladding was used as an optical
fiber. The sensor works because the fiber is submerged in a
liquid. In this context, the refractive index is different
depending on how submerged it is. They concluded that the
more the fiber is submerged in water, the higher the peak
wavelength will be shifted to longer wavelengths. This type of
sensor has the same problems that we explained for capacitive
Sensors.

In this paper, we present an inductive sensor for
monitoring the water column in irrigation channels. We
develop the sensor with two coils (PC and IC). These
prototypes produce an electromagnetic field that variates with
the surrounded water level, causing changes in the measured
signal. One of the characteristics of our sensor is that it can be
used for continuous monitoring. Stability is another
characteristic of our sensor, which can be observed in the
results section. Furthermore, this type of sensors is very robust
thanks to its PVC structure.
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III. TEST BENCH

In this section, the prototypes that have been used and the
necessary devices to carry the experiments are described. The
test bench is segmented in two different subsections.

A. Prototype characterization

We created different prototypes that measure the depth of
the agricultural irrigation system using low-cost sensors. The
prototypes were designed using different sizes of PVC
material, using 2.2 cm long and 1.7 cm of diameter for the P1.
Besides, 5.2 cm long and 2.5 cm of diameter were needed for
the P2. Copper wire was used to coil the different prototypes.
The P1 was coiled using 0.2mm thickness copper.
Nevertheless, a 0.4 mm copper coil was selected for the P2.

Otherwise, the P1 and P2 were distinguished in two
different sides, the PC and IC. The P1 was designed with ten
winds for the PC part and five winds for the IC. Likewise, 40
winds for PC and 80 winds for IC were selected for P2. This
information is represented in Table 1.

The two tested coils are represented in Figure 1. The
prototypes were coiled against the hands of the clock, trying
to make the spires as close as possible, to obtain the best
results. Besides, the P1 and P2 were powered in the same
direction. In this case, upside-down of the coiled way, using
the clockwise direction. This helps to maintain a similar basis
for all prototypes and to obtain more relevant data.

B.  Performance of the experiment

We powered the coils in a clockwise direction, using the
end of the coil as a negative part or ground reference. Besides,
we applied 10 voltage peak to peak (Vpp) to feed the P1 and
P2 using the generator AFG 1022 [15]. We measure the output
voltage (Vout) by using the oscilloscope TBS1104 [16].

The circuit we have used is composed of a resistance of 47
Ohms serially located to the coil, to reduce electromagnetic
noise and obtain a reliable value of Vout. Moreover, the
induced part of the circuit has a capacitator of 10 nF in parallel
to capture the energy and maintain the magnetic field.

TABLE 1. DEVELOPED PROTOTYPES.

Prototype
Image
Spires of PC 10
Spires of IC 5
Layers 1

Coiled direction
Powered direction

;-

Figure 1. Coiled direction and powered direction.

The experiment was done using a glass bottle where
measure marks were drawn every 2.5cm, from 0 to 15cm, see
Figure 2. The glass has a height of 16.2 cm and 8 cm of
diameter. Following, the coil was placed suspended between
two different marks. The P1 was located among 5 cm and 7,5
cm and P2 between 5 cm and 10 cm. Once the coil was placed,
we began to fill the bottle with water measuring the Vout for
each mark. The water volume that we use is 1L. The reason to
perform the experiments with a reduced amount of water is
related to the findings of L. Parra et al. [17]. In this paper, the
authors present that the induced voltage of a similar sensor
(composed by two copper coils) is affected by the volume of
water, but this effect follows an asymptotic progression and
after a few cms, the output voltage does not vary when the
water volume increases. The authors showed that the output
value remains almost constant when 1, 3.25, and 4.5 L are
used. Therefore, the tests of the prototypes can be performed
with a reduced volume, 0 to 1L.

Finally, we test the stability of the P1 and P2. For this, we
put each coil into the glass bottle, and we fill the bottle up to
the mark of 15cm. Then, we introduce the sensor between 5cm
and 7.5 cm, in the case of P1 and 5¢cm and 10 cm for P2. Next,
a tool was used to shake the sensor with intensity, changing
the variation of movements to simulate the real environment
of an irrigation channel. The objective of this final part is to
verify the optimal behavior of the sensor in hard conditions
where the prototype has a continuous movement.

IV. SYSTEM PROPOSAL

In this section, the proposed WSN is presented. For
reaching this target, our system is going to base in inductive
sensors for measuring the changes in depth of water columns
in irrigation channels. The objective of these sensors is to
indicate when it is necessary to open or close the gates of this
channel. This is very important to control sustainable
irrigation in agriculture.

Additionally, this type of sensor is to be part of the
European Project SMARTWATIR, smart wireless sensor
network to detect and purification water salinity and pollution
for agriculture irrigation. The sensor is going to be part of a
system with more prototypes that will be measuring different
parameters for detecting and monitoring pollutants in
agriculture irrigation.

A. WiFinode

In this subsection, the used wireless node is presented. The
function of the node is to obtain and gather data from the
sensors. Then, the induced voltage is transformed into water
level values, and it will send the data wirelessly. We select the
use of Wifi versus Lora because the sensor is placed as part of
a local area network that uses WiFi and includes other
deployed nodes measuring the water quality, the soil
parameters, and weather conditions.

For the WSN, the used node is the Adafruit Feather
HUZZAH based on ESP8266, see Figure 3. This is one of the
best nodes for this system because of the low cost, easy
programming (it can be programmed using IDE Arduino), one
analog input of 1.0V max, and 3.3V regulator with 500 mA
peak current output [ 18]. In this module, we connect a DC-DC
module for transforming the signal of 3.3 V to 10 V.

The prototypes were connected to the analog input of the
Adafruit Feather HUZZAH (the fifth pin starting from the
right at the bottom of the board shown in Fig. 3).
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Figure 3. Adafruit Feather HUZZAH ESP8266 development board.

B.  Deployment and architecture.

In this subsection, we present the deployment of the
developed system, including the nodes, the function, and the
used architecture.

Our proposal is based on controlling the changes in the
water column in an agriculture irrigation system to open or
close the gates to provide the necessary water to the crops.
These sensors are going to be deployed with other ones that
detect pollutants in agricultural irrigation water.

Figure 4 represents the deployment of the sensors in the
irrigation channel for agriculture. The channel has a grid,
which is required to remove bulky material to the water flow.
Behind the grid, depth sensors are placed in different depths
to obtain as best accuracy as possible. Then, the turbidity
sensor is deployed. This last sensor is part of the sensors for
pollution tracking, nevertheless, this paper is focused on the
depth sensors. Likewise, the used sensors are collocated inside
of a watertight box. This box is partially buried in the soil near
the irrigation channels. Inside of this cash, we will place the
node, the battery, and the communication module. Data will
be sent through WiFi. A pipe connects this container with the
channel, where the sensor is deployed in the water. Moreover,
this system will use a solar panel to charge the battery.

On the other hand, the gates will be opened using Artificial
Intelligence (Al). In this case, data from two sensors are need:
level sensor and turbidity sensor. The turbidity is an indicator
of pollution, according to the pollution value and the water
level in the main channel and in the irrigation channel, the Al
will decide to open or close the gates. In addition, sensors will
be placed in the agriculture lands to monitor the irrigation
needs of the fields. The Al will consider this information in
the future as another input of data for decision making. The
data of all these sensors will be combined to apply the best
decision to control the irrigation channel gates. Therefore, it
will not be necessary to replace the power, and we eliminate
the requirement of maintenance. Moreover, this sensor is
going to be more sustainable since it will use solar energy.

Figure 5 displays the architecture of the WSN. The sensors
get the electrical values of the difference in water level. The
nodes transformed the electrical values into depth values.
Likewise, the nodes are provided with WiFi, which is used to
send data wirelessly. Additionally, these data are stored. Then,
Al is applied for decision making decisions when it is
necessary to open or close the gates in the irrigation channel.

V. RESULTS

In this section, we detail the results of the prototypes that
we have used for the measurements. First, the test of each
prototype with a different quantity of water is detailed.
Successive, the prototypes are used to verify the stability of
the measures that are obtained by the sensors. Finally, the best
sensor is tested in different water column position.

A. Depth Tests

First of all, the working frequency (WF) was found. The
WEF for P1 was detected at 770kHz and for P2 in 130 kHz.
Following, the P1 was located between the marks Scm and 7.5
cm, and the glass bottle starts to fill each 2.5cm. Then, the
same was done for the P2.

/| Turbidity
/<4 Sensor

Depth
Sensor

Adafruit Feather

HUZZAH ESP8266

Battery

Communication
—~—— module

Watertight box
Solar Panel

—~—

Figure 4. Deployment of the sensors in the irrigation channels.

ARTIFICIAL
INTELLIGENCE L3
1 IR S

STORAGE AND
ACTIVATION

NODES
SENSORS

Figure 5. Architecture of the WSN.
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The P1 shows an initial Vout of 14.18V for 0 cm depth and
a final Vout of 9.72 V that exposed the tendency of voltage to
decrease as the water layer increases. However, the P2
represents the opposite situation, where the initial Vout is
23.80V and the final is 28.23V. In this situation, the voltage
growth with the increase of the water layer. The two
prototypes behave differently to each other because the
magnetic field that is produced by each one is not the same.
Additionally, the performance of the magnetic coil is closely
related to the structure of the prototypes.

In Figure 6 is displayed the model adjusts for each
prototypes using the Eureqa [19] and Statgraphics software
[20]. The Vout of the sensors is contrasted with the depth of
the different marks of the glass bottle. Likewise, the
mathematical models of the two kinds of prototypes are shown
in Eq. (1) and Eq. (2). Where V' is the Vout in volts and D is
the Depth in cm. These equations are necessary to calibrate
the device that we use. Moreover, the variations in depth will
change the output voltage.

The correlation obtained between the values is very high,
being the R2 for the P1 equal to 0.923 and 0.999 for the P2.
The R2 is a statistical parameter that indicates the adaptation
of the model for each measured point.

B.  Stability Tests

After obtaining the mathematical model, the stability of
the sensors is tested. This is necessary to choose the best
prototype that will be used in the field. The signal of the sensor
must remain stable in hard conditions. We perform the
stability test to ensure that the current of the irrigation channel
does not affect the data, contributing like this to have reliable
values.

To test the stability of the signal, we shake very hard the
prototypes. The sensors were shaken for 1 minute, and we
took the signal value every 1 second. Likewise, the standard
deviation between the real value and measured value in the
experiment of P1 is represented in Figure 7. Besides, in Figure
8 are discussed the results of the P2.

The P1 demonstrates very high adaptability for the hard
conditions of the test. We have started with an initial value of
9.2 'V, which represents the starting point. This starting point
is indicated as 0, and we record the variation between the new
data - initial data. Once we have finished the test, we obtained
that the maximum change is 0.25V. This shows that P1 has
good stability since the maximum variation represents a
deviation of less than 3%.

—e— Vout (P1)
—+— Vout (P2)

30

|

Lo b e b bl

25|

20 -

Vout (P1)
(zd) 3noA

15

0 3 6 9 12
Depth (cm)

Figure 6. Model of depth changes

=
o

V = 14.248 - 8.030 x e~8592/D) )

V=2382+0.03XD+0.26 XD X ¢~14582/02"D (2)

In the case of P2, the original value was 28.2 V, this is
represented as point 0. In the highest changes, the values turn
to 2.6 V, which corresponds to a deviation of 9.2% from the
initial data. Figure 8 displayed very well how the values of P2
are very far from the initial values in all of the experiments.
This trend indicates that the sensor has low stability against
time. The effect can be even higher in the future since the
gathered deviation is not stable. Besides, the frequency of the
gathered values, or histogram, from the stability tests are
displayed in Figures 9 and 10. In P1 we can appreciate that the
highest values are around the initial value in the range 0f 9.1V
and 9.3V. Besides, the maximum frequency of values is found
in this range of data. On the other hand, P2 has the utmost
values far away from the starting value. Most of the data are
found between 26V and 27V. This means that the highest
frequency of the data is placed below the initial value,
displaying changes when the turbulence is high. The values
are summarized in Table 2.

For P1, the maximum difference between the gathered
values in the experiment is 0.48V (from -0.24 V to 0.24 V).
For P2, the extreme values are -2.6 V and 0.2 V, which
supposes a range of data of 2.8 V. Besides, Table 2 displays
that the P1 has a lower standard deviation than the P2. The
error is also smaller in P1 with 0.013 compared to the error of
P2, which is 0.092. This data means that the P1 shows the best
operation in environmental conditions.

—e— Difference Vout

—— Initial difference Vout
T T

0,25 -

Difference Vout (V)

Time (Sec)

Figure 7. Stability test of the PI.

—e— Difference of Vout
Initial Difference Vout
T

Difference of Vout (V)

Lo b b b b b |

RARRNRR R RN RN LR R N LR RRS RARR

. . = -0,5

L L
0 10 20 30 40 50 60

Time (sec)

Figure 8.Stability test of the P2.

Normal
T

Frequency
©
T
|

T r I
89 9 91 9,2 93 94 9,5
Vout (V)

Figure 9. Distribution frequency of values in P1.
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Vout (V)

Figure 10. Distribution frequency of values in P2.
TABLE 2. ANALYZE OF STABILITY VALUES.

»N
o

P1 P2
Count 60 60
Standard Desviation (V) 0.104 0.713
Coefficient Variation (V) 1.14% | 2.68%
Standard Error 0.013 0.092
Standard Geometric Desviation (V) 1.011 1.026
Absolute Average Desviation (V) 0.008 0.020
Minimum (V) 8.96 25.60
Maximum (V) 9.44 28.40
Range (V) 0.48 2.80

VI. CONCLUSION AND FUTURE WORKS

In this paper, we have proposed the use of an inductive
sensor to measure the water depth in irrigation channels for
agriculture. The proposed sensor aims to control when it is
necessary to open or close the channel gates to irrigate the
crops. It is connected to an Adafruit Feather HUZZAH
building a WSN, and allowing us to create a mobile edge
computing system. It brings many advantages to agriculture
systems like the automation of the processes and sustainable
use of resources. In this case, the control of the gates is
necessary to adjust the use of water that is a very scarce
resource nowadays.

Once we have performed the measurements, we determine
that the P1 works with the lower values of voltage than the P2.
Likewise, the P1 shows a maximum Vout of 14.18V and a
minimum of 9.72 V when the water depth changes. On the
other side, P2 shows the highest value 0f 28.4 V and the lowest
data 0f 23.8V. Thus, the P1 has a 4.46 V of difference between
the Ocm depth and 15¢m depth, where the P2 has a 4.44 V.The
stability of the prototypes tested in harsh conditions was very
different. In P1, the maximum difference between the values
was 0.48V, which is very low, reversely of P2, which presents
the most significant change, 3.2V. These results prove that the
prototype that works better in adverse conditions is the P1.

In future works, we will test more prototypes using another
type of sensor to measure a more significant range of water
columns with better accuracy. Besides, the effect of turbidity,
temperature, and other environmental parameters in the
laboratory and real scenarios will be studied.

ACKNOWLEDGMENT

This work has been partially supported by European
Union through the ERANETMED (Euromediterranean
Cooperation through ERANET joint activities and beyond)
project ERANETMED3-227 SMARTWATIR by the
Conselleria de Educacion, Cultura y Deporte with the
Subvenciones para la contratacién de personal investigador en
fase postdoctoral, grant number APOSTD/2019/04, and
through the “Ayudas para contratacion predoctoral de

Formacion del Profesorado Universitario FPU (Convocatoria
2016)”. Grant number FPU16/05540.

REFERENCES

[1] M. Onder, E. Ceyhan, and A. Kahraman, “Effects of Agricultural
Practices on Environment,” in International Conference on Biology,
Environment and Chemistry, 2011.

[2] OECD (2019, December), Water and agriculture. , [Online]. Available:
https://www.oecd.org/agriculture/topics/water-and-agriculture/ Last access:
10/03/2020

[3] European commission, “Precision farming - EIP-AGRI - European
Commission,” EIP-AGRI, Nov-2020. [Online]. Available:
https://ec.europa.eu/eip/agriculture/en/digitising-agriculture/developing-
digital-technologies/precision-farming-0 Last access: 10/03/2020

[4] K. P. Paudel, M. Pandit, Mishra, Ashok K, and E. Segarra, “Why Don’t
Farmers Adopt Precision Farming Technologies in Cotton Production?,” in
Agricultural & Applied Economics Association’s 2011 AAEA & NAREA
Joint Annual Meeting, 2011.

[5] S. Ivanov, K. Bhargava, and W. Donnelly, “Precision Farming: Sensor
Analytics,” IEEE Intelligent Systems, vol. 30, no. 4, pp. 7680, Jul. 2015.
[5] L. Parra et al., “Design of a WSN for smart irrigation in citrus plots with
fault-tolerance and energy-saving algorithms,” Network Protocols and
Algorithms, vol. 10, no. 2, p. 95, Jun. 2018.

[7] J. Rocher, D. A. Basterrechea, L. Parra, and J. Lloret, “A New
Conductivity Sensor for Monitoring the Fertigation in Smart Irrigation
Systems,” 10" International Symposium on Ambient Intelligence (ISAml),
2019.

[8]1J. Rocher, L. Parra, J. Lloret, and J. Mengual, “An Inductive Sensor for
Water Level Monitoring in Tubes for Water Grids,” in 2018 IEEE/ACS 15th
International Conference on Computer Systems and Applications (AICCSA),
2018.

[9] F. Tauro, M. Porfiri, and S. Grimaldi, “Orienting the camera and firing
lasers to enhance large scale particle image velocimetry for streamflow
monitoring,” Water Resources Research, vol. 50, no. 9, pp. 7470-7483, Sep.
2014.

[10] C. I. Michailovsky, S. McEnnis, P. A. M. Berry, R. Smith, and P. Bauer-
Gottwein, “River monitoring from satellite radar altimetry in the Zambezi
River basin,” Hydrology and Earth System Sciences, vol. 16,n0. 7, pp. 2181—
2192, Jul. 2012.

[11] J. A. Hernandez-Nolasco, M. A. W. Ovando, F. D. Acosta, and P.
Pancardo, “Water Level Meter for Alerting Population about Floods,” in
2016 IEEE 30th International Conference on Advanced Information
Networking and Applications (AINA), 2016.

[12] F. Reverter, X. Li, and G. C. M. Meijer, “Liquid-level measurement
system based on a remote grounded capacitive sensor,” Sensors and
Actuators A: Physical, vol. 138, no. 1, pp. 1-8, Jul. 2007.

[13] P. Li, Y. Cai, X. Shen, S. Nabuzaale, J. Yin, and J. Li, “An Accurate
Detection for Dynamic Liquid Level Based on MIMO Ultrasonic Transducer
Array,” IEEE Transactions on Instrumentation and Measurement, vol. 64,
no. 3, pp. 582-595, Mar. 2015.

[14]J. E. Antonio-Lopez, J. J. Sanchez-Mondragon, P. LiKamWa, and D. A.
May-Arrioja, “Fiber-optic sensor for liquid level measurement,” Optics
Letters, vol. 36, no. 17, p. 3425, Aug. 2011.

[15]  Tektronix. (2019, December), [Online]. Available:
https://www.mouser.es/ProductDetail/Tektronix/AFG1022?qs=60MevSNR
ZMFfiXipKz629Q%3D%3D Last access: 10/03/2020

[16] Tektronix. (2019, December), [Online]. Available: h
https://www.tek.com/oscilloscope/tbs1104 Last access: 10/03/2020

[17] L. Parra, S. Sendra, V. Ortufio, J. Lloret, “Low-cost conductivity sensor
based on two coils,” in the First International Conference on Computational
Science and Engineering (CSE'l3), Valencia, Spain, August 6-8, 2013, 139-
144.

[18] Adafruit (2020, January), [Online]. Avaiable:
https://www.adafruit.com/product/2821 Last access: 10/03/2020
[19] Eureqa (2019, December), [Online]. Available:

https://www.nutonian.com/products/eureqa/ Last access: 10/03/2020
[20] Statgraphics Centurion XVIII (2019, December), [Online]. Available:

https://statgraphics.net/ Last access: 10/03/2020

255

Authorized licensed use limited to: UNIVERSIDAD POLITECNICA DE VALENCIA. Downloaded on May 21,2021 at 18:14:52 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


