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Abstract— As the world’s population grows, so does its
demands for resources and efficient ways of managing
production against the rapidly depleting resources. Agriculture
is the leading sector in water usage and wastage at the same
time, due to inefficient irrigation techniques. In fact, poor
mitigation techniques in cases of excessive irrigation has led to
a slump in production rates. This paper aims to propose an
Internet of Things based irrigation system that works at
reducing the frequency of irrigation while increasing the rate
of production through the use of fuzzy logic. The system
consists of a Mamdani fuzzy controller that acquires
environment identifiers i.e. soil moisture and outside
temperature through specific sensors, then applies fuzzy rules
to control water flow from the water pump and produce
irrigation appropriate time and frequency. The fuzzy
controller is designed and implemented using MATLAB.

Keywords—Fuzzy modelling, fuzzy inference systems,
Internet of Things, irrigation management, water stress, climate
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I. INTRODUCTION

In what is labelled as the “Global Water Crisis”, UN and
the World Bank released predictions of scarcity of clean
water resources and as a corollary, the calamitous effect on
agriculture as the demand increases, what now with extended
periods of hot weather and droughts [1]. Inevitably, the effect
will ripple over across the quality of life people lead in areas
with direct contact to the cultivated lands as well as areas
who depend marginally on them to supply their food
production. The world’s demand for water is likely to surge
in the next few decades where rapidly growing population
will drive increased consumption by people, farms, and
companies. Water availability of regions naturally liable to
dryness like the Arabian Peninsula are expected to drop by
half in the next 25 years [2,3].

Rather unsurprisingly, efforts to restrict excessive
watering and water demand control have been made and

ratio of withdrawals
to supply
Low (< 10%)
Low to medium (10-20%)
Medium to high (20-40%!
W High (40-80%)
I Extremely high (> 80%)

Fig. 1 Water Stress by Country 2040 [2]
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include raising the price to pose such restrictions. However,
while this helps conserve water when resources are
depleting, it does pose a challenge to farmers on how to
micromanage their business to adapt to this change. To add
to that, climate change is expected to make some areas drier
and others wetter, making the need for proper efficient
irrigation management systems all the more necessary[4].

Agriculture remains the worlds biggest water consumer,
with farming and food production accounting up to 70% of it
[2,5]. With so much water going into the sector, one would
expect an over-abundance of water resources dedicated to
agriculture. However, one of the largest contributors to water
wastage is low irrigation efficiency. Currently, and according
to the UN Food and Agriculture Organization (FAO), an
astonishing 60 % of the water diverted or pumped for
irrigation is wasted via runoff into waterways or
evapotranspiration [3,4,5]. This has derived a high demand
for intelligent irrigation systems that are capable of
providing efficiency that is unobtainable without adequate
data analysis and suitable implementation strategies. Such
smart systems are based on the Internet of Things technology
(IoT) which will largely depend on data-driven automated
signals. These signals are generated and received by
components; sensors and actuators, controlled by wired and
wireless connections such as IEEE 802.15.4, IEEE 802.11
[6,7.8].

The paper is organized as follows: section II reviews a
survey of the recent existing research activities on IoT based
smart irrigations and fuzzy decision support systems. The
system model will be presented in section III. The
experimental results and analysis are detailed in section IV
followed by the conclusion.

IL. RELATED WORKS

IoT is a general concept for the ability of network
devices to feel and collect data from the world around us,
and then share that data across the Internet where it can be
processed and applied for several interesting purposes.
Whereas other technologies center on evolving previous
services or providing ease of use and ergonomic products,
IoT prioritizes optimization above all, with optimization
techniques being critical to the success of any of its systems
[8,9]. Several studies have been conducted on utilizing IoT
technology as well as fuzzy inference systems in the field of
agriculture. The use of such systems aims at achieving higher
yield and overall improved quality of products. In [10] a
proposed system developed to measure weather condition
values and use these values to calculate the required water
quantity for irrigation. Another system architecture is
proposed in [7] that evaluates a cloud-based wireless
communication system that can be also used to monitor and

175



The Fifth HCT INFORMATION TECHNOLOGY TRENDS (ITT 2018), Dubai, UAE, Nov., 28 - 29, 2018

Data is processed using a
fuzzy logic controller,which
operates the system
pumps accordingly

Fuzzy Logic
Controller

35
%

3

%

Data is stored in a database

Send Dat:
EE802.15.3

\Water pump Environmental factors affecting plant growth such as
I |l. soil moisture, illumination intensity, temperature and air
[
——

humidity is detected using a sensor network

Water Tank

Fig. 2 The design of the Irrigation System

control a set of sensors and actuators to assess the plants
water need. Providing decision support system will facilitate
irrigation in a controlled manner, where areas with less water
content are highlighted and alternatively areas with large
water content will less likely to be adversely irrigated,
maintaining soil moisture at even levels all across the land
targeted. Many studies have discussed irrigation systems
using conventional feedback control systems such as open-
loop and closed-loop control systems [12,13,14]. However,
and in order to tackle the real uncertainty and the complexity
of the environmental conditions, fuzzy theory is used to
improve the ability to make correct decisions [15]. Fuzzy set
theory and fuzzy logic provide a powerful method to
represent and process human knowledge in the form of fuzzy
“IF-THEN” rules, that can be then translated into a form of a
controller. Thus, fuzzy logic controllers like Mamdani
Controller are simpler than other traditional controllers since
they are closer to human thinking and natural language[16].

I11. SYSTEM MODEL

The system architecture of the smart irrigation system is
shown in Fig. 2. Composed of five components, the smart
irrigation system is implemented by a series of actions taken
by each of the individual components, first of which is a
network of sensors to record environments variables, a
control unit and a communication media. The use of IOT
technology will facilitate the communication between the
soil and the water flow controller.

A. Sensors and Communication Media

Five sensors were used to log the environment variables,
namely, light intensity, LM 393 soil moisture, DHT11
temperature and air humidity. Other sensors such as flow
meter sensors are used to ensure optimize irrigation
frequency to a minimum value by moderating the rate of
water flow during the day or night time. Data acquired by
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Fig. 3 Triangular and trapezoidal fuzzy membership functions
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sensors is processed by the microcontroller and IEEE
802.15.4 is used as the communication media between the
systems components.

B.  Fuzzy Controller for water pump

Mamdani's fuzzy inference technique is the most
generally utilized fuzzy approach used in fuzzy controllers.
Mamdani's strategy was one the most important control
frameworks constructed utilizing fuzzy set theory. It was
found in 1975 by Ebrahim Mamdani as an attempt to control
a steam engine and heater blend by integrating an
arrangement of linguistics control rules acquired from
experienced human administrators. Mamdani's technique
depended on Lotfi Zadeh's 1973 paper on fuzzy calculations
for complex frameworks and choice procedures. Mamdani-
type deduction utilizes piecewise linear membership
functions; triangular fuzzy numbers (TFN) and trapezoidal
fuzzy numbers (TrFN) as appeared in Fig. 3.

The common way to specify a TFN in analytical form is
displayed in equation 1 below:

0, x<a,
x—a
L, g <x<a @9)]
a,—a
ﬂTFN(anlaaza%): az_xl
i a,<x<a
a; —a,
0, x>a,

The common way to express the general form for a TrFN is
displayed in equation 2 below:

0, x<a
x—a
1
—, @, <x<a, (2)
a, —a,
ﬂTrFN(X;a1>a2>a3>a4): L a, <x<a
a,—x
4
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a,—a,
0, x>a,

In this paper, a Mamdani fuzzy controller is used to
control water flow from the water pump. There are two
inputs for this controller, soil moisture and outside
temperature, and one output which is the water flow from the
water pump. The fuzzy controller is designed and
implemented using MATLAB. The Controller is shown in
the Fig. 4.

In order to control the water flow from the pump a rotary
switch is used. The switch range is from zero to five; where
zero means no water flow and five is the maximum flow.
The idea is to control the position of this switch
automatically based on the inputs. In order to build the fuzzy
control system that will control the water flow to a desired
level, we would need to define two inputs; the first one is the
soil moisture (SM) and the second one is the outside
temperature (TE). These two inputs will be used to control
the water flow by automatically changing the switch position
in the water pump.

XX

Moisture

Fuzzy Logic Controlle

(mamdani)

: :; Switch

Temp

Fig. 4 Fuzzy Logic controller for the water pump
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Fig. 6 Fuzzy relation for the second input (Rrg)
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Fig. 7 Fuzzy relation for the output (RSctl)

For instance, if the soil moisture is low, and the
temperature is high ,then the switch position need to be set
to maximum flow. However, if the moisture is medium and
the temperature is high, we want to set the switch half way
between zero and five. The two inputs are continuously
monitored using the sensors, and the output status is adjusted
accordingly. Now, we need to build our control system based
on the Mamdani fuzzy logic inference system. In this case
the switch position will be defined by linguistic levels rather
than numerical values, so a zero or off position will be very
low and half way position will be medium. The inputs for
the robot speed control in fuzzy terms are defined as:

tsm=tTg = {L, M, H}
where:

SM: soil moisture

TE: outside temperature
tsm: fuzzy terms for SM

tre: fuzzy terms for TE

L: low, M: medium, H: high

The output in fuzzy terms will be:
tsw = {VL, La M 5 H aVH}

where:
VL: very low
L: low
M: medium
H: high
TABLE I: FUZZY RULES FOR THE WATER FLOW CONTROLLER
tsm
Yscuri(tsmytre) L M H
= L H L VL
= M H | L | VL
H H M VL
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The switch output, Ysca = [0,5] which includes all the real
numbers between zero and five. Fuzzy relations (R) has been
used for the inputs based on TrFN membership functions for
the low and the High and TFN for the medium:

For Rsm = For Rgc 2
L:(0,0,30,50) L:(0,0,15,25)
M:(30,50,70) M:(15,25,35)

H:(50,70,100,100) H:(25,35,50,50)

And for the output (switch) TrFN membership functions
were used for the (VL,H) and TFN membership function
were used for the (L,M):

For Rsey 2
VL: (0,0,1,2)
L:(1,2,3)
M:(2,3,4)
H:(3,4,5,5)

These fuzzy relations for the inputs and the output for the
fuzzy controller are shown in figures (5-7). The fuzzy rules
for the flow controller are designed to be as shown in table I,
using these fuzzy rules the output of the Controller Yscq will
be changed to fuzzy linguistic terms. The logic we used in
this table is based on the knowledge of what we want the
water flow to be based on the moisture and the temperature
(inputs). The range for the first input is [0-100] and for the
second input is [0-50]. The values for these inputs are
continuously measured using sensors, and the output position
(switch) is changed based on this logic. There is a total of
nine rules; table I can also be expressed as a set of rules as
shown in table II.

The proposed water flow controller is based on Mamdani

Fuzzy inference system which consists of four steps:

e Fuzzification of the inputs: the input is transformed
from numerical value into linguistic term. To do that,
we can use the membership function for the triangular
fuzzy numbers with substituting the right values for a,
ap, as.

After this step, the input will look something like
SM' = 0.6/L + 0.3/M ...etc.

e Fuzzification of the output: the output is calculated
from the inputs in terms of fuzzy linguistics term. In
this step, the output in fuzzy linguistic terms will be
something like: Sctl’=0.4/L + 0.2/M

e Transfer the fuzzy subset of the set of linguistic terms
for the output to a fuzzy subset of the set of numerical
values. In order to do that, we need to use fuzzy
composition using the Max-Min Rule. Expressing the
max-min Rule as it relates to our specific speed control

design, we could write the following:
TABLE II: LINGUISTICS RULES

Fuzz, Fuzz
Rule No. Fuzz(ySll\:II;) ut1 Operator Inputy2 Olltpl)l,t

(TE) (tw)
1 L and L H
2 L and M H
3 L and H H
4 M and L L
5 M and M L
6 M and H M
7 H and L VL
8 H and M VL
9 H and H VL
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Fig. 8 The switch output for Water flow controller when (SM=11, TE= 40)
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Fig. 9 The switch output for Water flow controller when (SM=90, TE= 25)

py = Max {Min [ py (1), py' It, y)]};
forallye Y Scu 3)

In our design for the output Ysc takes all the real
numbers [0, 5].

e Defuzzification: Transforming the fuzzy set of the
output in one numerical value, which can be estimated
using the central of gravity method:

b

Y X,
Sctl= z Hy ;
g dY

y=a

Sctl: is the control switch position 4)

In this step, we multiply the membership value that we
got from the last step by each output value and find the
summation. Afterwards, we divide this sum by the sum of all
the output value by assuming that the estimated output is
integer between a and b. If the output is the set of all the real
numbers between a and b, we have to do integration instead
of the summation in the formula mentioned above.
MATLAB is employed for this calculation, since the
numbers we use in our speed ccontrol design are all real
numbers between 0 and 5.

IV. EXPERIMENTAL RESULTS AND ANALYSIS

In this paper, the Fuzzy controller for controlling the
speed of a robot was built using Mamdani inference system
as discussed earlier. The two inputs SM and TE were used to
control the switch position (VL, L, M, H). MATLAB was
used to build the fuzzy Controller. The output of the speed
controller will be the switch position and it is given as a
numerical value from zero to five, with zero being the lowest
and five means that the switch is set to the maximum
position (highest water flow). Two outputs of the MATLAB
program for the flow Controller are shown in figure (8-9).

978-1-5386-7147-4/18/$31.00 ©2018 IEEE
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Fig. 10 Relationship between the inputs and the output for the fuzzy
controller

From Fig. 8, when the soil moisture is low (11%) and the
temperature is High (40°C) then the output of the controller
was (4.27) which means the water flow will be high. Also, in
Fig. 9 when the soil moisture is high, then the output of the
water flow very low (0.765) which means that the switch is
set close to the minimum, and this again agrees with our
fuzzy rule table, since the output is expected to be very low
in this case. The relationship between the two inputs (soil
moisture and temperature) is shown also in the MATLAB
surface plot in Fig. 10. It can be seen from this surface plot
the when the moisture is low then the water flow in the pump
is high (yellow color), and when the moisture is high then the
water flow is very low (blue color).

V. CONCLUSION

Fuzzy logic and IoT technology were presented as a
strategy to develop an intelligent irrigation approach that
fosters water conservation and better irrigation management
in areas with high levels of water stress. The developed fuzzy
controller, based on Mamdani fuzzification using trapezoidal
and triangular membership functions, efficiently set the time
and duration of irrigation for a given crop. The use of fuzzy
control helped maintaining the soil moisture above a pre-set
value with smooth variations preventing frequent system’s
run-off and preserving water and energy. In order to monitor
system in real time, a wide-range ZigBee based wireless
network was also used. The system is easy to implement.
And economically justifiable.

REFERENCES

[1] Azoulay, A. and Houngbo, G. (2018). [online] Unesdoc.unesco.org.
Available at: http://unesdoc.unesco.org/images/0026/002614/261424¢.pdf

[2] M. Monica, B. Yeshika, G. S. Abhishek, H. A. Sanjay and S. Dasiga,
"IoT based control and automation of smart irrigation system: An
automated irrigation system using sensors, GSM, Bluetooth and cloud
technology," 2017 International Conference on Recent Innovations in
Signal processing and Embedded Systems (RISE), Bhopal, 2017, pp.
601-607. doi: 10.1109/RISE.2017.8378224

[3] Maddocks, A., Otto, B. and Luo, T. (2018). The Future of Fresh
Water | World Resources Institute. [online] Wri.org. Available at:
http://www.wri.org/blog/2016/06/future-fresh-water [Accessed 27
Aug. 2018].

[4] Wri.org. (2018). Ranking the World’s Most Water-Stressed Countries
in 2040 | World Resources Institute. [online] Available at:
http://www.wri.org/blog/2015/08/ranking-world%E2%80%99s-most-
water-stressed-countries-2040.

[5] World Bank. (2018).Water in Agriculture. [online] Available at:
https://www.worldbank.org/en/topic/water-in-agriculture.

[6] M. Monica, B. Yeshika, G. S. Abhishek, H. A. Sanjay and S. Dasiga,
"IoT based control and automation of smart irrigation system: An

178



[10]

[11]

[12]

[13]

[14]

[15]

[16]

The Fifth HCT INFORMATION TECHNOLOGY TRENDS (ITT 2018), Dubai, UAE, Nov., 28 - 29, 2018

automated irrigation system using sensors, GSM, Bluetooth and cloud
technology," 2017 International Conference on Recent Innovations in
Signal processing and Embedded Systems (RISE), Bhopal, 2017, pp.
601-607. doi: 10.1109/RISE.2017.8378224

S. B. Saraf and D. H. Gawali, "loT based smart irrigation monitoring
and controlling system," 2017 2nd IEEE International Conference on
Recent Trends in Electronics, Information & Communication
Technology ~ (RTEICT), Bangalore, 2017, pp. 815-819.
doi: 10.1109/RTEICT.2017.8256711

D. Trinchero and R. Stefanelli, "Integration between Internet of
Things and Internet of services for an enhanced optimization of water
and gas distribution," 2012 [EEE International Symposium on a
World of Wireless, Mobile and Multimedia Networks (WoWMoM),
San Francisco, CA, 2012, pp- 1-6.
doi: 10.1109/WoWMoM.2012.6263788

N. Satiya, V. Varu, A. Gadagkar and D. Shaha, "Optimization of
water consumption using dynamic quota based smart water
management system,” 2017 IEEE Region 10 Symposium
(TENSYMP), Cochin, 2017, pp- 1-6. doi:
10.1109/TENCONSpring.2017.8070075

R. N. Rao and B. Sridhar, "IoT based smart crop-field monitoring and
automation irrigation system," 2018 2nd International Conference on
Inventive Systems and Control (ICISC), Coimbatore, 2018, pp. 478-
483. doi: 10.1109/ICISC.2018.8399118

Su Ki Ooi and E. Weyer, "Closed loop identification of an irrigation
channel," Proceedings of the 40th IEEE Conference on Decision and
Control (Cat. No.01CH37228), Orlando, FL, USA, 2001, pp. 4338-
4343 vol.5. doi: 10.1109/CDC.2001.980883

T. Veeramanikandasamy, K. Sambath, K. Rajendran and D.
Sangeetha, "Remote monitoring and closed loop control system for
social modernization in agricultural system using GSM and Zigbee
technology," 2014  International Conference on Advances in
Electrical ~ Engineering (ICAEE), Vellore, 2014, pp. 1-4.
doi: 10.1109/ICAEE.2014.6838438

Su Ki Ooi and E. Weyer, "Closed loop identification of an irrigation
channel," Proceedings of the 40th IEEE Conference on Decision and
Control (Cat. No.01CH37228), Orlando, FL, USA, 2001, pp. 4338-
4343 vol.5. doi: 10.1109/CDC.2001.980883

G. T. Gdowski and R. A. McCrea, "Open-loop versus closed-loop
control of reflexive head movements," Proceedings of the First Joint
BMES/EMBS Conference. 1999 IEEE Engineering in Medicine and
Biology 21st Annual Conference and the 1999 Annual Fall Meeting
of the Biomedical Engineering Society (Cat. N, Atlanta, GA, USA,
1999, pp. 544 vol.1-.doi: 10.1109/IEMBS.1999.802622

Kontogiannis, S., Kokkonis, G., Ellinidou, S., & Valsamidis, S.
(2017). Proposed fuzzy-NN algorithm with LoRaCommunication
protocol for clustered irrigation systems. Future Internet, 9(4), 78.
doi:http://dx.doi.org.ezproxy.hct.ac.ae/10.3390/119040078

R. Langari, "Past, present and future of fuzzy control: a case for
application of fuzzy logic in hierarchical control," 18th International
Conference of the North American Fuzzy Information Processing
Society - NAFIPS (Cat. No.99TH8397), New York, NY, USA, 1999,
pp.760-765.doi: 10.1109/NAFIPS.1999.781796

978-1-5386-7147-4/18/$31.00 ©2018 IEEE

179




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


