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Abstract:

Soil moisture analysis is a crucial aspect of soil science and agricultural practices. It
involves measuring the amount of water in soil, which is essential for understanding plant
growth, irrigation scheduling, and assessing soil health. The problem about agriculture that
we found is the environment is not support for the plant, like we can’t control the moisture in
the ground and temperature in the air. In this research demonstrate that it is possible to
estimate soil moisture from the evolution of atmospheric parameters near the surface like
temperature and relative humidity is a realistic surface transfer model is available. To identify
Maximum soil water deficit (MSWD) we can use MATLAB to simulate fuzzy for find
maximum soil water deficit (MSWD) to control level of sprinkle that spread the water for
agriculture.

Key words: Maximum Soil Water Deficit (MSWD), Soil Moisture, Environmental Relative
Humidity, Environmental Temperature, MATLAB.

Introduction:

Soil is a precious resource that sustains life on Earth and supports numerous
ecosystem functions. Protecting and conserving soil is essential for maintaining biodiversity,
food security, and ecosystem resilience. Soil plays a foundational role in agriculture, serving
as the medium in which plants grow and thrive. Soil provides essential nutrients like
nitrogen(N), Phosphorus(P), Potassium(K), and various micronutrients that plants need for
growth. For effective food production, soil quality is very important [1]. Surface soil moisture
content is an essential ecohydrological natural resource that controls crucial land surface
activities [2]. There are enormous potential societal benefits from accurately estimating soil
moisture since it is universally acknowledged as a critical parameter in the mass and energy
balance between the land surface and the atmosphere [3]. The major objective of this study is
to show that, supposing an accurate surface transfer model is available, soil moisture may be
computed from the change of air factors at the surface (temperature and relative humidity)

[4].
Implementation steps:

Step 1: Identify and declare the inputs and outputs.
Step 2: Identify the control surfaces

Step 3: Behavior of control surfaces

Step 4: Fuzzy Inference system and decision making
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Step 5: Defuzzification
In this project we use fuzzy logic to set the level of sprinkle to spray the water to plant, to
control the moisture of the ground.

Identification and Declaration of inputs and Output

Here we take three types of variables for soil moisture analysis it called an input variable
there are

)] Soil Moisture

i) Environment Temperature

i) Environment Relative Humidity

Fuzzy logic introduction:

Fuzzy logic was initiated in 1965, by lot. A. Zadeh, professor for computer science at
the University of California in Berkeley. Basically, fuzzy logic (FL) is a multivalve logic that
allows intermediated values to be defined between conventional evaluations like true/false,
yes/no, high/low etc. Fuzzy logic is a form of logic that deals with reasoning that is
approximate rather than fixed and exact. Unlike traditional binary logic, where variables can
only be true or false, fuzzy logic allows for degrees of truth, represented by values between 0
and 1. This makes it suitable for handling concepts that are inherently vague or imprecise.

Reading obtained from the soil moisture sensor:

Table 1: Soil moisture content in Centibars Reading Obtained from the soil Moisture
Sensor

The first experiment involves determining the maximum soil water deficit using a soil
moisture sensor measurement. We use five linguistic variables to determine the soil moisture
level in centibars, which a soil moisture sensor measure. The linguistic variables are Very
wet, wet, Moderate. We calculate the range using the trapezoidal value.

Sensor Moisture | Soil Moisture level | Linguistic Range
Sensor Reading | (Centibars) Variable
10 Very Wet [05 10 15]
Field sensor
Moisture  Sensor 20 et [1015 20 25]
Reading 30 Moderate [20 25 30 35]
40 Dry [30 35 40 45]
50 Very Dry [40 45 50 60]
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4. Membership Function Editor: Untitled — O >
File Edit WView
b ints:
FIS Variables Membership function plots ©=t =20t 181
Wary _wet waet Moderate Diry Weary Diry
DO 12X
input output1
input2
input warable "input1”
Current Wariable Current Membership Function {click on MF to select)
Mame input1 MName “ery_wet
Type input Type trapmf e
Params = 5]
Range [0 60] [0S 10 15]
Display Range [0 50] Help Close
Selected variable "input1™

Reading obtained from the Temperature sensor:

In the second experiment involves determine the Temperature from environment
using Temperature sensor analysis. In this experiment we used the linguistic variable to find
the Environment temperature they are Very cold, cold Normal, Hot, Very Hot. We calculate
the range using trapezoidal rule.

Table 2: Environmental Temperature in Degree centigrade Obtained from
Temperature Sensor

TemperatureSensor Reading | Environment Linguistic Variable Range

Temperature

(Degree

Centigrade)

10 Very cold [06 12 18]
Environment Temperature in | 20 cold [12 18 24 30]
Degree Centigrade obtained | 30 Normal [24 30 36 42]
from Temperature sensor 40 Hot [36 42 48 54]

50 Very Hot [48 54 60 60]
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File Edit Wieww

FIS Variables

@] PMembership Function Editor: Untitled

Membership function plots

oot oeoints: 181

ey oodd

inEu‘H oarbpart1

input2

Mormeal

Hoit WVery Hot

XX

input varable "input2™

A

Current “Wariable

MName inputz

Twpe input
Range [0 S0]
Display Ranges [0 S0]

Mame
Twpe

Params

[<2 S< 0 sof

Current Membership Function (click on MF to select)

“Wery__Hot

trapmf

| Help

| Changing parameter for MF 5 to [483 54 S0 0]

Reading obtained from the Humidity sensor:

Table 3: Environmental Relative Humidity in Degree centigrade Obtained from

Temperature Sensor

In the third experiment involves determine the Environmental relative humidity using
Temperature sensor. In this experiment we used the linguistic variable to find the
Environment relative humidity they are low, below average, average, above average, high.
We calculate the range of linguistic variable using triangular rule.

Relative ~ Humidity  Sensor | Relative Humidity | Linguistic Range
Reading level from (Degree | Variable
Centigrade)
Environment  Temperature in | 10 Low [0 10 20]
Degree Centigrade obtained from | 20 Below average [10 20 30]
Temperature sensor 30 Average [203040]
40 Above average [30 40 50]
50 High [40 50 60]
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D

File

FIS Variables

Membership Function Editor: Untitled — |

Edit View

Membership function plots LT TS 181

Lo Below Average Awverage Above average High

[ XX AN

ingpaut 1 outpat 1

infutz

input3
input varable "input3®
Current Wariable Current Member=zhip Function (click on MF to =select)
Mame input3 Mame Lo
. Type .

Tyvpe input trimf

Params 010 20
Range [0 S0] [ 1
Display Range [0 0] Help Close
Changing parameter for MF 5 to [40 50 0]

Result and Discussion:

Fuzzy Relation:

> If temperature Very cold and relative humidity is low and soil moisture is very dry
then MSWD is highly deficit.
> If temperature is cold and relative humidity is below average and soil moisture is dry
then MSWD is Medium Deficit.
> If temperature is Normal and relative humidity is average and soil moisture Moderate
then MSWD is Deficit.
> If temperature is Hot and relative humidity is average and soil moisture wet then
MSWD is Normal.
» If temperature is very Hot and relative humidity is above average and soil moisture
wet then MSWD is Normal.
Output:
Soil Moisture Relative Humidity | Temperature MSWD
Very Dry Low Very cold Highly Deficit
Dry Below Average cold Medium Deficit
Moderate Average Normal Deficit
Wet Above average Hot Normal
Very wet High Very Hot Normal
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4. Membership Function Editor: Untitled - O >

File Edit Wiew

FIS Variables . . Membership flunctlon plots . ot mi”='l 181
IX—XI m Highly _deficit Medium_deficit Dieficit narmal
input3

Current Variable Current Memberzhip Function (click on MF to select)

Hame output! Mame normal

Type output Type gaussmf b
Params 127 61.665]

Range [0 50 [ ]

Di=splay Range [0 B0] Help | Close | |

Renaming MF 3 to "Deficit™ |

Numerical Example:

The problem here is to determine the initial conditions at the beginning of an analysis
period so that the corresponding evolution best fits the data. The primary goal is to determine
the maximum soil water deficit level utilizing atmospheric parameters like as temperature,
soil moisture, and relative humidity. In this study, provide a distinction between the data and
the model variables.

Fig 1 Shows that If weput temp =24.2, humidity = 27.1, moisture= 27.8 MSWD will equal to

31.1 and the plot point value is 101.

e
File Edit Wiews Options

soil_moisturemnT = 27.8 temperature = 24.2 relative_humidity = 27.1 MSWD = 31.1

T
;Hggﬁii

/ A

FEL]

%UUDH“
oﬂﬂmﬂﬁ

Input: | [37 83,24 22,27.11] ||F"Dt EEITEE 101 | |MDV3: left | right | duwnl up | |

| FIEEEL | | Help | Close | | I
1

Fig 2 Shows that the surface from Temperature and soil moisture level. If we put Temp=26
and Soil moisture =28 and the ref. input is [NaN NaN 30]
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<+ Surface Viewern: Scil moisture — | =
File Edit Wiew Opticons
31
=
& 30.5
=
30
[=La]
40 <0
20 20
s ol imeosis tusresmif a a teErTypee rabu e
FHonputh temperature... -~ o Onputl: soil_moistur... -~ Z (outputh M SWWDr -
X Mesh Points: oo " Mesh Points: oo Ewaluate |
|R3f- Input: [MaM MaM 30] ||F'":rt points: 101 | | Help Close | |
| Ready |

Fig 2: Surface from Temperature and Soil moisture

Fig 3 Shows that the surface from Temperature and relative humidity level. If we put Temp
=26 and relative humidity = 27and the ref. input is [30 NaN NaN]

.| Surface Viewer: Soil moisture — | >
File Edit Wiew Options
=
=
7]
=
tempe ratu e sa = relative_ hormidity
> (input): temperature... ~ o (input): relative__hu. .. e Z (outputh K SWWDr -
X Mesh Points: g " Mesh Points: - Ewaluate |
|R3f- Input: [20 MaM MaM] ||':'mt points: 101 | | Help Close | |
| Ready |

Fig 3: Surface from temperature and relative humidity

Fig 3: Shows that the surface from soil moisture and relative humidity level. If we put Temp
=26 and relative humidity = 27 and the ref. input is [NaN 30 NaN]
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# Surface Viewen Scil moisture — ] =

File Edit Wiewe Crptions

MSWD

= .
o B
relathve  humidity o 10 20 T 3"_}t ‘1{}
soil_maoisturem
HC iyt ) soil_moistur.__ ~ ¥ (nput): relative_hu .~ < (output] MSWD ~
¥ Me=sh Points: o " Mesh Points: o5 Ewaluate |
|Ref, Input: [MaM 30 MaM] |||:'|ﬂ"t points: 101 | | Help Close | |

| Readhy |

Fig 3:Surface from soil moisture and relative humidity
Conclusion:

From thisstudy we use MATLAB to simulate fuzzy for find Maximum Soil Water
Deficit (MSWD) to control level of sprinkle that spread the water for agriculture The sensor
senses the input value then the program will calculate and give the output as the result. The
program can apply using in agriculture in many ways. From this study will make the
agriculture more accurate because some plant needs the special care. And if not take care well
enough, there will cause the damage to the plant.
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