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Expeditious advancements in sensor technology &sune or estimate moisture in soil have taken place
with time. There are numerous technologies to nreasiuestimate moisture in soil today. Sensors thase
on different technologies interact differently witle amount of moisture present in soil. The objeatf

this research was to study response of these semdgthmin normal (up to 50% of available moisture
depletion) drying cycle of soil so as to effectivabe them for landscape irrigation control. Foisth
study, volumetric water content sensors based ore omain Transmission (WaterTec S100) and Soil
Water Potential sensors based on electrical resista(Watermark 200SS) were used at 0 dS/m (¥ER5

in Sandy Loam textured soil. Three sensors of ggawere used in containers packed with Sandy Loam
soil in a temperature controlled environment. Eambntainer was placed on a weighing scale to
continuously monitor drying cycles over time. Tatifour drying cycles were used, each cycle smid

five levels of depletion (10% each) and at least teading in each level from sensors was takert Tes
results showed that these sensors’ response to atodnying cycles were considerably repeatable,
precise and less-variant.

Moisture, Sensor, Soil Moisture Sensor, Volumeidater Content, Soil Water Potential, WaterTec,
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Introduction

Total consumption of water for landscape irrigatiorthe United States equals to nearly nine (9johil
gallons per day EPA WaterSense, 2013However, due to recurring phenomena of drougid a
increasing demand for water with time, efficiemigation of both agricultural fields and landscayi¢h
minimum use of water has become a necessity. désisnated that each year, more than one-half of
terrestrial earth is susceptible to droughbgan,1997)Io meet this increasing demand of limited water
resource, scheduling irrigation based on demaratagfs has come into existence. The best way to meet
this criterion is by measuring soil water contentl @cheduling irrigation based on the same. Itite w
regard to this, various manufactures have come itlp different soil water content measuring devices
which are popularly known as soil moisture senssasl. water content or soil moisture sensors haenb

in existence since as early as 1950s in the fortemdiometers by Irrometer and 1960s in the form of
neutron probes@ardner and Klute, 1996 These were mostly manual methods of measuriigvsder
content but with advancement of technology in tleédfof electronics over time, various such sensors
have emerged that can measure soil water contdéomatically and in real-time. These automated



moisture sensors not only can measure soil watetenb in real time but can also turn on and off
irrigation with the help of interfacing devices tl@me along with them. With increment of many such
moisture sensor based irrigation control technelegand lack of any federal standards for such soil
moisture based control technologies, United St&iegronmental Protection Agency’s (U.S. EPA’s)
WaterSense program released a Notice of Intent(NOMay, 2013 to develop a draft specification for
soil moisture based control technologies. As a ltesii this, American Society of Agriculture and
Biological Engineers (ASABE3 working to develop two standards for such prastu8633 (Testing of
Soil Moisture Sensors for Landscape Irrigation) &&P7 (Standardized Testing Protocol for Weather
Based or Soil Moisture Based Landscape Irrigationtf®l Devices). This study was done as a precursor
for developing S633 standard that is intended jgralss soil moisture based control technologie3A-
NOI, 2013. For this, responses of moisture sensors basesvordifferent technologies were studied
during normal drying cycle (up to 50% available evadepletion) of soil based on the method described
The whole objective of this study was intended ttalg variance, repeatability and hence precision of
these sensors based on the method described apdstamdi if it can be used as a base for developing
S633 standard.

Soil Water Measurement

Direct Method

Soil water measurement refers to calculation ofam®unt of water (mg) present in a given mass ibf so
sample (mg). Hence, the unit of soil water conisning mg".However:; this can also be expressed in
terms of volume by calculating volume of water pras(dividing the mass of water by density of wpater
in the given volume of soil sample. In this, case unit for soil water content takes the forfmi. In
this method, direct weight of soil sample is takeffiore and after drying in oven. Hence, the metisod
called gravimetric method of soil water measuremiéat most of the applications, volumetric expressi
of water content is used. In short, it is calledumtetric water content6(). Mathematically, it is
expressed as:

0, = Volume of water in given sample of soil{\ Volume of soil sample(Y .......coooveiiieiinnnn. @
=V, / Vs
= (Mu/pw)/ (Md/ps)
Where M, =Mass of water in gram
M = Mass of soil sample/bulk in gram
pw = Density of water in gram/cubic centimeter = REIC
ps = Density of soil bulk in gram/cubic centimetelsfacalled bulk density(BD)]
= (Mw/Ms) X (os/ Pw)
By = (Mu/Mg) X BD et et e e e e e e e (i)



To emphasize how volumetric water content (VWChigiven sample of soil varies as a function of
changing bulk density and amount of water, MATLABglation (Fig: 1) was done. For this, a standard
amount of soil sample of 1000 grams was consideBed. bulk density range of 1 to 1.4 gm/cc was
considered as soil sample used for this study \@adysloam in texture and the ideal bulk density for
plant growths in such soil is less than 1.4 gmi¢8DA-NRCS, 2008

VWC as a Function of Changing Mass of Water and Bulk Density

Volumetric Water Content
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Bulk Density (gm/cc) 1 100

Mass of Water(gm)

Fig 1: MATLAB Simulation of Changes in Volumetric Water Content (n*m™) with Changing Bulk Density
and Amount of Water in a Given Sample of Soil (100@ram)

It can be seen (Fig: 1) that volumetric water cohtacreases with increasing bulk density for thene
amount of water in a given mass of soil. Similafty, the same bulk density, for a given amountaif, s
increase in amount of water increases volumetritewvaontent of the soil. However, the rise in
volumetric water content due to increase in bulksity has a higher slope value of 0.1 as compared t
the slope value of 0.001 obtained as a resultsefin volumetric water content due to increasemount

of water in soil. This shows that bulk density @il shave much greater impact on volumetric water
content of soil.

This method is considered to be reliable methosbdfwater measurement as it involves direct metbfod
measuring water present in the soil. However, thighod is limited to the position from where sail
sample is taken as well as it is time consumings.Thakes it practically impossible to be used for
scheduling irrigation of agricultural farms or latdpes in real-time. As a result of this, soil moes
sensors are used which make estimate of volumeétier content in an indirect way.

Indirect Method

Indirect methods involve measuring of changes maae physical quantities like electrical conduittiy
resistance, soil-water tension, travel time of et@nagnetic pulse, frequency of oscillating circaunt
of slow neutrons around a source of fast neutreits,as results of changes in soil water contedttlaen
calibrating those measurements with respect toveatier content. Calibration equations may vary from



being a simple linear equation to much more complgxations depending upon the type of technology
used in moisture sensors. Although calibrated ictofg, these sensors’ variance , accuracy and
repeatabilityplease refer to section: variance ,repeatabilitydgorecision) can vary widely depending
upon soil and water properties like dielectric piétimity, electrical conductivity, soil bulk densit soil
texture, etc. Nonetheless, gaps in such parametarsbe minimized for in commercial products by
allowing the users to set the irrigation ON and Qfeints relative to the measurement for a particula
installation based on manufacturer's recommendsti@ut of the many commercially available soil
moisture sensors for landscape irrigation, two tisawere selected for this studyaseline’s WaterTec
S100 with biSens@ndlrrometer’s Watermark 200§Fable 1).

Table 1: Soil Moisture Sensors Used for Experiment

Manufacturer Brand Model Sensor Technology ey Display
Baseline Irrigation Baseline WaterTec S100 DT Yes
Irrometer Inc. Watermark  200SS Resistance YeS

2Baseline’s biSensor is connected to WaterTec S100
®Time Domain Transmission

°Digital Display is present when connected to WattMonitor (900M) data logger
Sensor Technologies Used

Time Domain Transmission (TDT)

Baseline’'s WaterTec S100 (with biSensor) soil moistsensor is based on time domain transmission
technology. In this, a high frequency electricalspusignal is sent through wire path embedded in
sensor’s blade. This high frequency pulse caudesref influence of pulse move outside sensoesél
into the surrounding soil. As the pulse passeautiitanoisture present in soil, it slows down. Thesse
measures speed of this pulse by calculating trasssom travel time and converts it into correspogdin
moisture content of the soil (volumetric). Unlikeansmission domain reflectometer (TDR) sensors
which measure soil water content based on traned of reflected electrical pulse signals, TDT sesso
are relatively cheaper and easy to install withilsinperformance characteristid?dbinson et al. , 2005
Both TDR and TDT based sensors estimate dielgottimittivity of the medium in which they are buried
from travel time measurement of electrical pulgmal and then use it in either Topp’s equation (ef|n

or Siddiqui and Drnevich’s equation to calculatéumeetric water content or gravimetric water content
(Xinbao Yu and Xiong Yu, 2006; Siddiqui et al., 198pp et al., 198D

For TDR and TDT sensors, dielectric permittivityroédium is replaced by an equivalent term apparent
permittivity (K;). Mathematically, it is expressed as:

Ka= (CUZ2LE O TDR ..oeiees e e e e e e e e e e e (iiil)

N (o1 7/ I S (o) e 1 0 SRR (iy



where c= 3x1®ms? is velocity of electrical pulse signal, t = putsavel time in second and L= physical
probe length of sensor in meter. Thisiused in Topp’s equation to calculate volumetrater content
as given below:

0, = 4.3x10°K 2 -5.5X 10K 24+2.92X 10K 153X 107 ... e e e, (v)
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Fig 2: MATLAB Simulation of TDT Sensor for Volumetric Water Content as a Function of Travel Time
(Top), Relative Permittivity (Middle) and Relative Permittivity as a Function of Travel Time (Bottom)

All the above charts (Fig: 2) were generated carsid probe length of 6.25 inch (15.875 cm), which
the probe length of Baseline WaterTec S100 sen$tgs2). Top chart shows how volumetric water
content varies with different measured travel tohelectrical pulse signal. It clearly shows thairenthe
travel time, higher is the relative permittivityofitom chart, Fig: 2) and hence more is the watetesu
(middle chart, Fig: 2) present in soil bulk whergsiinstalled.



Similarly, MATLAB simulation (Fig: 3) was done t@s how changes in probe length and travel time
simultaneously cause change in volumetric wateteran

TDT Sensor Volumetric Water Content As a Function of Varying Probe Length and Time Travel
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Fig 3: MATLAB Simulation of WaterTec S100 Sensor’sVolumetric Water Content Readings with Respect to
Changes in Probe Length and Travel Time Simultanealy

It can be seen (Fig:3) that for the same probetlenigcreasing travel time represents increasing
volumetric water content while for the same traimak increasing probe length represents less vdhigne

water content. Highest volumetric water contemejgesented at smallest probe length with highasget
time.

Electrical Resistance

Irrometer’s Watermark 200SS is an electrical rasis¢ based sensor that measures soil moisture by
estimation of soil water tension. Soil water tensfalso sometimes referred to as soil water p&Brif

an indirect method of representing water contensail. Soil water potential is defined as the total
potential energy of unit amount of soil water wifspect to potential energy of pure, free watesodt

surface (i.e. reference potential energy of zeMathematically, total soil water potentialy) is
expressed as:

Wr S WM F Wet Wot Wz (N/MD) e oo e e e e e (vi)
where yy = Matric Potential related to capillary and absegpforces(as a result of surface tension)
Wp = Pressure Potential related to changes in pressu
Wo = Osmotic Potential related to solute concerdrati

Yz = Gravitational Potential related to gravitatibfield at earth’s position



Among all of these, matric potentialy) is the one that best represents how readily wailer is
available to a plantHvett, et al., 2008; Irrometer, 20L6Unsaturated soil has water and air molecules
present in soil pores. The air-water interface ltesa surface tension that is inversely proporioto
surface area of soil pores. This surface tensienltein matric potential. This matric potentialather
words, is the energy invested in capillary forceptesh water upward towards air plus the energy of
absorptive force. Hence, if there is more wates@ne in soil, then there is less soil pore area wbi
water and hence more surface tension that ultijmagsiults in less matric potential. At saturatiammen
there is almost no soil pores left unfilled, matpotential is zeroyy = 0). Thus, as soil driegyy
becomes more and more negative. Soil water potésitixpressed in Jfin SI unit which is equivalent

to Pascal. However, Kilo Pascal (kPa) is the preteSI unit for soil water potential. Bars and Qleants
(CB) are other widely used units (1CB = 1 kPa)riteter's Watermark 200SS sensor is designed to give
electrical resistance output relative to measumdvegater matric potentialyfy) in centibars(CB) units.
These sensors can measure soil matric potential fioto 239 centibars (CB). A typical calibration
equation for converting measured electrical resc#aKilo Ohm) into soil water matric potential (B
with temperature compensation is given bel®hdck et. al, 1998

For Resistance >1® and Resistance <= &K

Wy = (-3.213*R-4.093)/(1-((0.009733*R)-(0.01205T))emvc- s v e eereee e e, (vii)
For Resistance > 8K

Ww = —2.246 — 5.239* R * (1+ 0.018* (T — 24)) - 0. * R * (1+ 0.018* (T - 24)) ............ (viii)
where R = measured electrical resistance in Kilm ¢K<Q)

T = Soil Temperature &

Soil Water Potential As a Function of Varying Resistance and Temperature
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Fig 4: MATLAB Simulation of Soil Water Potential as a Function of Varying Measured Electrical Resistane
and Temperature



It can be seen (Fig: 4) that at°2] measured electrical resistance is @1&nd hence; estimated soil
water potential is calculated based on Shock’s wmjudviii) as resistance value is greater than@. K
Calculated soil water potential equal to -61.63 tibams (CB). Similarly, for the same temperature, a
resistance value of 6 calculated soil water potential equals to -33C®lwhich is based on Shock’s
equation (vii).

Variance, Repeatability and Precision

Variance is a statistical measure that shows howdeah value is from the mean from a set of datthis
study, there was one data point from each sensemdh set of readings (total of 3 data points oheset

of readings). Hence, variance calculation for esehof readings reflects the amount by which each
sensor’s readings are away from the mean valuéhddigaluesepresent sensor’s data are farther away
from the mean value and vice versa. Similarly, a¢giaility of moisture sensors represents the giulit
sensors to give repeated values over multiple measnts. In this study, a graph is plotted oveiheac
sensor’s readings taken over three drying cycleprésenting repeated readings) and corresponding
percent depletion. Coefficient of determinatiorf)(Bf this graph is taken as an indicator of degrke
repeatability. Since, this value of B also an indicator of degree of scattering agagmints; it may also

be used as an indicator of precision of sendoukés et.al., 2004

Field Capacity, Wilting Point and Available Water

The maximum value of water content that can be hekbil without any rapid drainage is called field
capacity of soil. In other words, it is the maximwnater held by soil that is useful to plants. Alilgb,
soil can hold more water than the field capachwgt excess water usually drains within a day amtéés
not available for plants. Field capacity differgpdading on soil texture and is usually expressadrims
of volumetric water content (ftm?).

As the soil dries out, soil water content decreaseb water gets held by soil more tightly. At cirta
point, it is held so tightly that water is not dahie for plants. This minimum point of soil watntent
at which water is not available to plants is callgtiing point of soil. This also varies dependiog soil
texture.

The difference between field capacity and wiltingjinp is called available water. Table 2 shows most
widely used field capacity, wilting point and aadile water values for different soil textures.

Table 2 Field Capacity, Wilting Point and AvailableWater for Different Soil Textures

Soil Texture Field Capacity ¥m®) Wilting Point (Mm?®)  Available Water (fm®)
Sandy Loam 0.20 0.08 0.12
Loam 0.27 0.12 0.15

Clay 0.40 0.25 0.15




Soil Water Depletion

Soil water depletion is defined as the amount afew#ss with respect to field capacity of soil idgr
drying process of soil. In other words, it is théfedence of volumetric water content measured at
particular moment of time and field capacity. Samilo volumetric water contéhsoil water depletion is
also normally expressed in terms of percentagehande called percent depletion.

Given below (Fig: 5) is a MATLAB simulation of chges in percent volumetric water content with
increasing percent depletion (increasing dryingess). For this, field capacity =23 % is takenhés t
was locally measured field capacity of sandy loaihused for this study.

Percent Volumetric Water Content Corresponding to Percent Depletion
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Fig 5: MATLAB Simulation of Changes in Percent Voumetric Water Content Corresponding To Percent
Depletion for Sandy Loam Soil with Field Capacity 60.23 (23%VWC)

Materials and Methods

As already mentioned above, for this experiment, tifferent types of moisture sensors were used; on
based on TDT that measures volumetric water cofdaeseline’s WaterTec S100 with biSensor), while
the other based on resistance that measures stl watential (Irrometer's Watermark 200SS). In
addition, Irrometer’s tensiometers (206 RSU-C) walsd used in conjunction with Watermark 200SS
sensors to test sensors’ accuracy as compareasmmeeters which give direct measure of actual soil
water potentiallfrometer Inc.) Sandy Loam texture soil with 67% sand, 21% silt 42% clay and field
capacity of 23 (%volumetric water content) was ugdsionized water at 0 dS/m was used for wetting of
soil. Three sensors of each type were used. Twtairans of different shape and size were used $0 as
contain entire sensor buried in soil with at least inch of soil on top of them.
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Fig: 6 Container Dimensions and Sensor

Placement for Baseline Sensors

£

A

Fig: 8 Cylindrical Container? for Watermark Fig: 9 Actual Reture of Watermark Sensors and

Sensors and Tensiometers Tensiomesan Cylindrical Container

# Radius = 3.8 Inch(9.652 cm), Height = 7.5 Inch(Bdn)

Sensor placement was done such that their sphendlugnce didn't interfere with each other based o
manufacturer’s recommendation(Fig: 6 and Fig: 8weighing scale was used to keep track of changes
in weights during drying process of soil. WaterT&t00 gives digital reading of Baseline’s biSensor
connected to it. Similarly, Watermark Monitor 9008thows digital reading from Watermark 200SS
sensors and tensiometers (206-RSU-C). Low from elmiitters were used for wetting soil in containers
from top (Fig: 9). Weed controlffilter paper wasapped around inner walls and base of containers so
that soil wasn’t lost along with water during frdr@inage. The following steps describe test proeedu

Sandy Loam soil was kept in oven for drying purpase temperature of 185 for 24 hours.
This was done to kill (if any) organic matters @asin soil and to ensure soil totally dry.

Soil was left to cool down for a bit (~30 minutesid then grinded to obtain fine particles.

A portion of this soil was taken to determine fieddpacity by packing an inch of soil in
cylindrical container and wetting it from top usidgip emitters until free drainage and then
letting it dry for up to 48 hours. Mass of soil gad was such that a bulk density of 1.26 gm/cc
was obtained. Difference in mass of dry soil and sal after 24 hours resulted (when free
drainage seized) in field capacity of 23 (% vwcerél we prefer to call this field capacity as
container capacity. Additionally, a portion of usiirbed soil sample was sent to a certified lab
for texture analysis.

Weed control papers / filter papers were wrappedrad inner walls and base of container.



» Rectangular container was packed with preparedugoiio a height of 3.5 inch and cylindrical
container was packed with soil up to a height afch. As a result, bulk densities of 1.46 gm/cc
and 1.38 gm/cc were obtained respectively.

» Three Baseline’'s biSensors were installed in regtlm container placing them as per
manufacturer’s recommendation (as seen in figurasdb7). Similarly, three watermark sensors
and three tensiometers (as seen in figures 8 ame @) installed in cylindrical container.

» All the sensors were wired to their respective ldigjpinits and logging system.

» Initial weights of both the containers(with soilfasers+filter papers) were taken

» Deionized water at 0 dS/m (0 EC) was applied udniyg emitters to both the containers for about
an hour although free drainage was observed diteniButes.

* Water application was stopped after an hour antaawgrs were left undisturbed for 24 hours.

» Soil water content (% volumetric) based on scalgktevas determined and this was marked as
container capacity (similar to field capacity).

» Scale readings as well as sensors’ readings fremdisplay units were taken at least once a day
(if possible twice a day with a gap of four houiw) 10 days. With every scale readings taken,
corresponding soil water content (called calculateitl water content) were determined (% vwc)
and hence percent depletion. If ‘X’ is equal tccakdted soil water content in %VWC and 'y’ is
equal to container capacity then %depletion= ({y)x100 .

* Once, %depletion reached between (50-60) %, it ethtke end of test cycle.

» Another test cycle was repeated with re-wettingaif. A total number of four such test cycles
were performed. For data analysis, all data frast fest cycle were ignored.

All the tests were performed in a controlled terapare room at 2%&.

Results and Discussion
Baseline biSensors Data (WaterTec S100)

Data analysis was done to capture the variance gualbthree sensors for each cycle during the pesfo
drying process of soil when compared against theutsied volumetric water content as obtained from
the scale readings.
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Fig 10: MATLAB Plot for Test of Variance among Three Baseline biSensors With Drying Cycle (Cycle#2) of
Soil

For Cycle# 2 it was observed that variance amorgsénsors was maximum (6.043) when the soil was
closer to saturation. Variance remained fairly hidjring (0-10) % depletion range. Variance kept
decreasing with drying process of soil and was dotmbe lowest in depletion range of (50-60) % with
minimum value of 3.823.In other words, there wasemtifference in reading among the sensors when
soil was wet and the readings were found to beeclmseach other as the soil dried (Fig: 10).
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Calculated Volumetric Water Content (% VWC)

Percent Depletion

Fig 11: MATLAB Plot for Test of Variance among Three Baselhe biSensors With Drying Cycle (Cycle#3) of
Soil

In cycle# 3, again maximum variance between thesesars was found to be 5.763 when the soil was
really wet i.e. close to its container capacityttiWdrying process, variance was found to decraeasteas
in cycle#2.The lowest variance was found to be kgud.99 in depletion range (50-60) % (Fig: 11).
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Fig 12: MATLAB Plot for Test of Variance among Three Baselhe biSensors With Drying Cycle (Cycle#4) of
Soil

Similarly, in cycle#4, maximum and minimum varianeere found to be 4.47 and 2.77 respectively.
Compared to previous two cycle, variance in thideywas found to be less throughout the test cysla
result of all three sensors reading values mucéeclm each other (Fig: 12).

Second part of data analysis was based on tespehtability of sensors. Each sensor’s repeatabilit
was done over three test cycles (cycle#2, cycle#B aycle#4). For this, each sensor’s readings over
drying period from all three test cycles were @dt{figures 13-15).
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Fig 13: Repeatability Tesbr Baseline’s Sensor#1 Over All three Test Cycles
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Fig 14: RepeatabilifTest for Baseline’s Sensor#2 Over All three Tegycles
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Fig 15: Repeatability Tefor Baseline’s Sensor#3 Over All three Test Cycte

Out of all three sensors, sensor#3 was found tuididy repeatable and hence more precise as cocthpare
to remaining two sensors with regression valud @ 0.966. Sensor#2 was second most repeatable
sensor with regression YRvalue of 0.818. Sensor#1 was the least repeasaiisor and hence the least
precise with regression {Rvalue of 0.756 (figures 13-15).



Irrometer’s Watermark Data (With Tensiometers)

Similar to Baseline biSensors, first part of datmlgsis for Watermark 200SS sensors was test of

variance among all three sensors for each cyclk diying process of soil as compared against the
tensiometers.
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Percent Depletion

Fig 16: MATLAB Plot for Test of Variance among Three Watermark 200SS Sensors with Drying Cycle
(Cycle#2) of Sall

For cycle #2, maximum variance of 13 was seen pilati®n range (50-60) %. All three sensors read

values very close to each other with minimal vazeaof values close to 1 up to depletion range (0%20
(Fig: 16)
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Fig 17: MATLAB Plot for Test of Variance among Three Watermark 200SS Sensors with Drying Cycle
(Cycle#3) of Saoll

In cycle#3, variance among sensors was aroundup38® 30% depletion. Maximum variance of 4 was
found in (40-50) % depletion range (Fig: 21).
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Fig 18: MATLAB Plot for Test of Variance among Three Watermark 200SS Sensors with Drying Cycle
(Cycle#4) of Soil

Similar, in cycle #4 maximum variance of 4.33 waarfd up to depletion of 40% which means sensors

read fairly closer values up to 40% depletion. Heevevariance was found to increase between (50-60)
% depletion and reached a maximum value of 13 (E8Y.

Second part of data analysis was based on testpefatability and hence precision of sensors lilke th
biSensors above. Each sensor’s repeatability tastd@ne over three test cycles (cycle#2, cycle#3 an

cycle#4). For this, each sensor’'s readings oveingdrperiod from all three test cycles were plotted
(figures 19-21).
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Fig 19: Repeatability Test for Watermark 200SS Sensor#1 Ove\ll three Test Cycles
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Fig 20: Repeatability Test for Watermark 200SS Sensor#2 Ovell three Test Cycles
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Fig 21: Repeatability Test for Watermark 200SS Sensor#3 Oveill three Test Cycles

All three sensors were found to be highly repeatatiid hence precise with regression valués ¢R
0.9422, 0.9472 and 0.9485 for sensor#1; senso8amsor#3 respectively (figures 19-21).



From the data analysis performed on both typeseobars, variance seemed to vary with degree of
wetness and with successive cycles. Initial findifigm the data tend to suggest that as the sliéde
and regained some of the structure back (which lestsdue to the soil preparation process) from the
successive wetting and drying cycles, the varidands to improve. Additionally, we believe givereth
nature of the container and lack of any root stmgtsoil dries from outside-in, creating a profie
gradient with each sensor depending on their placésn

Conclusion

Based on the method described, behaviors of threistume sensors of each technology (TDT and
Resistance) were studied. Watermark sensors warelfto be of higher degree in terms of repeatabilit
and precision as compared to Baseline sensors. Wowevariances of Baseline sensors were
comparatively consistent and linear throughouttése cycles. Based on the results obtained andadeth
described, it was found that this method can b tséest proper working of moisture sensors’ resgo
to normal drying cycle of soil and consequently destrate their effectiveness of landscape irrigmatio
control.

Future work

Based on the results obtained and method desciiibeds found that this method could be used tb tes
proper working of moisture sensors’ response tonabidrying cycles of soil and consequently tesirthe
effectiveness for landscape irrigation control. ldeer, additional work needs to done to address the
proper packing of soil and sensors, which affeclk bensity and hence sensors’ readings (as exqaain
in figure 1). Another area that needs some additiarork is the wetting process, so that water cddd
applied and retained uniformly in the soil. Finallyrther investigation about sensors’ responsetian

with wetting cycle is required.
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