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Abstract

Fuzzy Logic is a multiple valued logic, from which the truth values of variables
might be any real numbers between 0 and 1. It has wide application in different
fields of real life. We might face different challenges in our daily life to deal with
vagueness and uncertianity. There are various criteria in the literature for
decision-making under uncertainty in a crisp environment. In this paper, we
address the relation between temperature, humidity and rainfall with the help
of Mamdani fuzzy inference system.

Introduction

Traditionally, mathematics was limited in only
two conclusion and they are true and false
denoted by 1 and O respectively. According to
traditional view, science should strive for
certainty in all manifestation and uncertainty is
regarded as unscientific (Zadeh, 1965). In real
life, we encounter many situations in which the
inclusion and non-inclusion asset are not really
defined. To deal such problem, Prof. Lofti Zadeh
introduced fuzzy logic and fuzzy set theory.
Fuzzy logic deals with such problems having no
clear answer with vague and unfocused
information. Thus, fuzzy logic is method of
reasoning that resembles human reasoning.
Fuzzy set theory is aboard view of classical set
theory. Specially, fuzzy logic may be viewed as
an attempt at formation of two remarkable
capabilities. First the capability to converse the
reason and make in an

rational decision

environment of  vagueness,

information,

uncertainty,

incompleteness of conflicting
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information, partiality of truth and partiality of
possibility. Second, the capability to perform a
wide variety of physical and mental task
without any measurement and any computation

(zadeh, 2008).

An outstanding contribution and plenty of works
have been done in the field of fuzzy set and fuzzy
logic in the last 50* years. Several researchers
have worked on fuzzy set and fuzzy logic with
their application to real field. In the field of
economic, medical, engineering, agriculture and
much more, fuzzy logic is widely used. A model
for evaluating the level of economic
development of countries and region using fuzzy
logic (Stoji¢, 2012). In 2013, Sami proposed a
comprehensive index to measure sustainability
in agriculture production system (Sami et al.,
2013). In 2015, how the method of fuzzy logic
has been effectively used to solve a myriad of
problems in the field of agricultural sciences

(Philomine et al, 2015). They proposed a
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framework build an expert system for managing
crop crisis and exemplify proposed framework by
taking an example of crop disease diagnostics
(Prateek et al., 2018). In 2019, they referred the
way of organizing a group of agro-system
(Rodriguez et al., 2019). In 2022, they have used
fuzzy max-min composition to address the
difficulties in selecting the best candidate from
the group of people in the same environment
(Paudel et al., 2022).

Preliminaries and Definitions
Fuzzy Set and Membership Function

Let X be the universe of discourse and 4 € X.
collection of ordered pair (x,, (x)) where

The objective of this study was to deal with the

following problems:

e To study fundamental concept of fuzzy
metric space and its application

e To study the application of fuzzy in
weather forecasting.

e To apply fuzzy logic in making relation
between humidity,

precipitation or rainfall with the help of

fuzzy inference.

temperature and

A fuzzy Set A in X is defined as the
Lyt X — [0,1]and x € X. Here

Ly (x) is called the degree of membership of x. If py(x) = 1, we say x is fully

include in A, and if py(x) = 0, we say that x is not include in A.

The membership function of A on X is defined as py : X — [0,1], where each
element of X is mapped to a value between 0 and 1. This value is called a degree of

membership of the element in X to fuzzy set.

Support of a Fuzzy Set

The support of fuzzy set A is defined as the set of all points in X having a membership value

greater than 0. It is denoted by S(A4).

Symbolically,

S(A) ={x €X: pyu(x) > 0}

Convex Set

A fuzzy set A on X is convex if Vx;,x, € Aand A € [0,1]
maQx + (1 = Dxy) = minimum [y (1), s ()]

Definition (Linguistic Variable)

Linguistic variables are variables that are
qualitatively and quantitatively described by a
fuzzy set. The input or output variables of the
system whose values are in words instead of
numerical values. A linguistic variable is
generally decomposed into a set of linguistic
terms.

Definition (Fuzzy Logic)

Fuzzy logic is defined as many valued logics
from which may have a truth values variable in
any real number between 0 and 1. Fuzzy logic
provide a methodology for dealing with
linguistic variable and describing modifiers like
vary, fair, not etc. It facilitates common sense
with
proposition dealing with natural language and

reasoning imprecise and vague
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serve as a basis for decision analysis and
control action. Fuzzy Logic is an approach of
computing based on degree of truth rather
than the usual ‘True or False (1 or 0).

» Ais a convex set.

Definition (Fuzzy Number)

A fuzzy set A is fuzzy number if the

following conditions are satisfied

i.e.forall x;,x, €A, pa(Ax; + (1 — A)X;) = minimum|[p,(X4), pa (X5)]

» Ais a normalized set

i.e.3x € A: pA(x) = 1 or the height of the fuzzy set is 1.

>

Definition (Triangular Fuzzy Number)

Its membership function is piece-wise continuous.

Let a,b,c be three real numbers witha < b < c. Then the triangular fuzzy

number A = (a, b, ¢) is a fuzzy number with the membership function p, (x) defined

by

pa(x) =

We note that, in the above definition, we have
and c.

Definition (Trapezoidal Fuzzy Number)

Let a, b, c and d be real numbers witha < b < ¢ < d. Then a fuzzy number of the form

0
Ha(x) = 1, while b need not to be mid-point of a

X—a

[ €
b_alfx [a,b]
CX ifxe[bc]
C_blfx ,

if a>x, orx>c

A =

(a,b,c,d) is a trapezoidal fuzzy number with the membership function defined by,

0
xX—a
b—a
pa(x) = 1
d—x
d—c
0
Definition (Fuzzification)
Fuzzification is the process of assigning

numerical in- put to fuzzy sets with varying
degrees of membership, ranging from 0 to 1. This
concept is fundamental in fuzzy logic, as it allows
the
uncertainty in real-world scenarios. Fuzzy logic
provides a flexible and expressive framework for

for representation of ambiguity and
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if x <a
ifa<x<b

ifb <x

IA

Cc

ifc<x<d

if x>d

IA

decision-making, allowing for more flexible
thinking when precise limits are not relevant or

difficult to establish.

Definition (Defuzzification)

Defuzzification is a process using crisp logic to
obtain quantitative answers for fuzzy sets and
matching membership degrees. logic
systems use fuzzy sets and linguistic variables to

Fuzzy
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handle uncertain data. De-

fuzzification applies fuzzy logic rules to fuzzy

imprecise or

input values, producing fuzzy output values. The
best approach depends on the application and
desired behavior of the fuzzy logic system.

Definition (Fuzzy Inference)

Fuzzy inference mechanism is the main module
of a fuzzy logic system that performs decision-
making. It utilizes the ”If..Then” rule together
with the connector "AND” or "OR” for forming
necessary decision rules. The output of this
module is always a fuzzy set while the input may
be a fuzzy or crisp set.

In this work we studied the relationship between
temperature, humidity and precipitation with
the help of Mamdani fuzzy model was shown.

Mamdani Fuzzy Inference System

Mamdani Fuzzy Inference System (FIS) is one of
the most widely used fuzzy logic systems for
implementing fuzzy rules. It was introduced by
Ibrahim Mamdani in 1975 and is known for its
simplicity and definition. Here is an overview of
the Mamdani FIS. At that time, this model was
used to control steam engines and assembly
boilers using language codes derived from the
professional community.

The procedure of Mamdani Fuzzy Inference
System

Fuzzification: This stage transforms crisp inputs
into fuzzy sets using membership functions. The
membership function defines how each point in
the input space maps from 0 to 1 to a
membership value.

Rule Base: The system contains a set of fuzzy
rules. Each rule is of the form: IF XisAAND Y is B
THEN Zis C.

Here A, B, C are linguistic variables, and X, Y, Z
are linguistic values represented by fuzzy sets.
Inference: This step combines the fuzzy rules to
produce a fuzzy output. The most common
inference method used in Mamdani systems is
the min-max method:

Min Operation (AND): The true number of a
complex is the minimum true number for its
parts.

Maximum operation (OR): The true number of
a complex is the maximum true number for
its parts.

The fuzzy output then
aggregated (typically using the max operation)
to form a single fuzzy set.

of each rule is
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Max-Min Inference Method

Consider a simple 2 rule system where each rule has 2 antecents and one consequent as follows:

Rule 1: IF x1is A,and x2 is A,.THEN y'is 8'
or x2 A THEN y is B8

O 1EZ48 FARSHON T

Rule 2: 2
P
1
(oX:)
06
0.4
0.2

01234567 )“‘\

=28 =3

Ol 2234 SHoRTA 2

Fig. 1. Max-Min Inference Method [4]

Defuzzification

This step converts the aggregated fuzzy output
back into a crisp value. Common defuzzification
methods include:

Centroid Method (Center of Gravity): The crisp
output is the center of gravity of the fuzzy set
Max Criterion: The crisp output is the point at
which the membership function reaches its
maximum value.

Example

Consider a simple example with two inputs:
temperature and humidity, and one output: fan speed.
Inputs and Membership Functions

Temperature (low, medium, high)

Humidity (low, medium, high)

Fan Speed (slow, moderate, fast)

Fuzzy Rules

The higher the temperature AND the higher the
humidity, the faster the fan speed.

is moderate AND the
the fan speed is
moderate. When the temperature is low AND

If the temperature

humidity is moderate,

the humidity is low, the fan slows down.
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Application of Fuzzy Set in Rainfall Prediction
The temperature, humidity, and rainfall primary
data used in this thesis were sourced from the
Surkhet district’'s hydrology and meteorology
department, situated within the Birendranagar
Municipality. The goal of this thesis is to forecast
the pattern of rainfall, which is affected by
variations in temperature and humidity. The
relationship between temperature, humidity, and
rainfall is discussed in the study by Prateek Pandey,
Ratnesh Litoriya and Akhilesh Tiwari, (2018) and |
have used this paper as a reference to conclude my
dissertation. In this dissertation we use Mamdani
Fuzzy Inference System to find the relation of
temperature, humidity and rainfall.

Mamdani fuzzy inference system is performed in
four steps which are as follows,

e fuzzification

e application of fuzzy rule base to fuzzy set

e inference of fuzzy result

e de-fuzzification
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—

1

Input(Crisp) | Fuzzification !—».; Fuzzy Inference j_'ﬂu Defuzzification EQthpUJt(Cri'sp)>

4 ] 1

Fuzzy Knowledge Base

Fig. 2. Mamdani Fuzzy Inference System

GOVERNMENT OF NEPAL

DEPARTMENT OF HYDROLOGY & METEOROLOGY
Office of Hydrology & Meteorology (OHM), Kohalpur (Current Surkhet)

Station: Surkhet
Ave. Max TEMPERATURE In °C

Year Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov | Dec | Average
2000 | 20.1 | 20.6 | 27.2 | 34.0 | 33.6 | 31.0 | 309 | 30.5 | 29.5 | 295 | 25.6 | 22.0 | 27.9
2001 | 20.5 | 25.0 | 28,5 | 33.8 | 32.2 | 306 | 30.8 | 31.3 | 313 [ 295 | 26.0 | 225 | 285
2002 | 20.3 | 23.3 | 285 | 32.6 | 32.5 33.0 | 32.1 | 30.6 | 29.5 | 29.0 | 25.8 | 22.4 | 28.3
2003 | 20.0 | 22.3 | 269 | 339 | 352 | 32.6 | 30.8 | 314 | 29.7 | 29.6 | 25.7 | 21.7 | 28.3
2004 | 20.3 | 239 | 315 | 33.7 | 345 32.6 | 30.7 | 315 | 306 | 278 | 243 | 21.1 | 285
2005 | 194 | 22.6 | 28.1 | 33.7 | 356 | 373 [ 30.6 | 30.5 | 30.5 | 285 | 24.8 | 209 | 285
2006 | 22.7 | 27.2 | 28,0 | 328 | 328 | 33.0 (311 | 315 |31.0 | 29.3 | 25.0 | 21.8 | 28.9
2007 | 204 | 219 | 26.2 | 32.7 | 33.1 | 329 [ 295 | 30.3 |29.8 | 29.0 | 25.0 | 20.7 | 27.6
2008 19.9 12.0 29.4 | 33.3 33.9 30.6 | 30.2 | 30.6 | 304 | 29.1 26.1 22,7 | 274
2009 | 23.2 | 25,5 | 294 | 34.8 | 33.5 35.0 [ 32.0 | 309 | 304 | 285 | 24.2 | 20.7 | 29.0
2010 | 20.5 | 23.3 | 30.8 | 36.8 | 355 37.0 | 32.1 | 319 | 304 | 30.0 | 26.5 | 23.0 | 29.8
2011 | 21.0 | 24.7 | 30.1 | 344 | 348 | 33.0 | 319 | 323 (324 | 309 | 26.7 | 23.6 | 29.7
2012 | 21.0 | 249 | 299 | 344 | 381 | 38.0 [ 320 | 33.0 | 32.6 | 30.6 | 27.0 | 23.9 | 30.5
2013 | 22.8 | 239 | 309 | 351 | 370 | 31.7 | 322 | 326 |33.1 | 295 | 257 | 224 | 29.7
2014 | 214 | 23.2 | 281 | 33.8 [ 36.2 | 363 [314 |319 (319 |29.2 | 26,5 | 223 | 294
2015 | 215 | 247 | 26.8 | 30.0 | 36.0 | 35.2 [ 320 | 31.2 | 33.0 | 30.6 | 269 | 224 | 29.2
2016 | 21.8 | 259 | 31.2 | 36.2 | 346 | 32.8 | 30.7 | 32.7 | 31.7 | 30.5 | 26.5 | 23.6 | 29.9
2017 22.2 25.8 28.1 | 346 | 34.9 33.5 31.1 | 309 | 321 30.7 | 26.7 23.1 29.5
2018 | 21.7 | 24.6 | 30.8 | 32.5 | 33.3 339 [ 31.2 | 30.8 |31.6 | 29.8 | 25.9 | 21.5 | 29.0
2019 [ 209 | 226 | 279 | 329 | 36.8 | 353 | 312 | 326 |313 [29.2 | 26,6 | 20.3 | 29.0
2020 | 21.7 | 23.7 | 29.3 | 33.7 | 378 |36.7 |33.2 |34.7 (329 | 305 | 219 | 203 | 29.7
Average maximum temperature of 2019 ranges maximum temperature of 2020 ranges from
from 20.3 to 36.8 so the domain for average 21.7 to 37.8 so the domain for average
temperature is [20.3, 36.8] and average temperature is [21.7, 37.8]
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GOVERNMENT OF NEPAL
DEPARTMENT OF HYDROLOGY & METEOROLOGY
Office of Hydrology & Meteorology (OHM), Kohalpur (Current Surkhet
Station: Surkhet
Avg. TEMPERATURE In °C

Year Jan |[Feb |Mar |Apr |[May |Jun |Jul Aug |Sep |Oct |Nov |Dec |Average
2000 12.65(13.5 |18.7 |25.3 |27.8 |26.95|27.25 |26.8 |25.55|22.5 [18.5 |13.85| 21.6
2001 12.4 |16 19.9 |25.35(26.5 |26.55|27.25|27.2 [26.2 |22.8 |18.15|14.15|21.87
2002 12.95(15.85|20.25|24.65|26.5 |27.75|27.95 (26.7 |25 22.2 |17.9 |14.45|21.85
2003 12.2 |14.95|19.05|24.95(27.25|27.55 |27 27.35|25.8 [22.55|17.9 |13.85(21.7
2004 12.5 |16.05|22.2 |25.7 |27.5 |27.35(26.8 |27.2 [26.2 |21.35(16.8 |13.75|21.95
2005 12.6 [15.75|20.2 |24.75|27.45|30.5 [27.1 |26.8 [26.35|22.6 [17.05|12.85|22
2006 13.65|18.95[19.95|24.75 |27 27.6 |27.45|27.45|26.55(23.1 (18.15|14.2 (22.4
2007 12.05(15.45|19.2 |25.35|26.85|28.25(26.6 |27 25.85|23.05(18 13.4 (21.75
2008 12.8 |9.5 |21.2 |25 27.1 |26.85(26.9 |27 25.75|22.55(18.55|15.3 |21.54
2009 14.65|16.85|20.55 |26 27.05|28.9 |28 27.4 126.15|21.8 |17.4 |13.65(22.37
2010 12.9 |15.6 |22.25|27.5 |27.65|29.95 |27.65 |27.75|26.15|23.35(19.25|14.15|22.85
2011 12.75|16.3 |20.95|25.15(27.6 |27.6 |27.55|27.75|27.4 |23.8 |19 14.65 (22.54
2012 12.9 |16.1 |20.45|25.5 |29.35|31.4 |27.9 (28 25.35|21 16.2 |14.55]22.39
2013 13.35|16.35(21.9 |25.85|29.05 |27.25 |28 27.85|27.5 |23.7 |17.65]|14 22.70
2014 13.5 [15.5 |19.75|24.5 |28.1 |30.1 [27.6 |27.7 |26.8 |22.65|18.55|14 22.39
2015 13.9 [16.6 |19.6 |22.75|28 28.95|27.85 |27.15(27.25|23.2 |18.75|14 22.33
2016 13.1 |16.95]|22 26.35|27.45|27.9 |26.95 [27.95|26.7 |23.45|18 14.95 |22.65
2017 13.55|17 19.75(26.2 |27.45|28 27.1 (27 27 23.45|18.35 |15 22.49
2018 12.5 |16.5 [21.9 |24.65|26.5 |28.65|27.6 |27.25|26.8 (21.8 |17.8 |13.2 |22.1
2019 13.15(15.8 |19.7 |25.1 [28.6 |29.2 [27.45|28.3 [26.95|23.15(19.8 |13.1 |22.53
2020 6.8. |99 [11.2 [16.3 |19 229 |23.9 |23.8 |22.9 (184 |8.2 (89 |16

Average temperature ranges from 13.1 to 28.3 so the domain for average temperature is [13.1, 28.3].

GOVERNMENT OF NEPAL
DEPARTMENT OF HYDROLOGY & METEOROLOGY
Office of Hydrology & Meteorology (OHM), Kohalpur (Current Surkhet)
Station: Surkhet
Ave. Min TEMPERATURE In °C

Year | Jan | Feb Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec Average

2000 | 5.2 | 6.4 10.2 [ 16.6 | 220 | 229 | 236 | 231 |216 | 155 | 114 |57 15.4

2001 | 43 [ 7.0 11.3 [ 169 | 20.8 | 225 | 23.7 | 231 | 211 | 16.1 | 103 | 5.8 15.2

2002 | 5.6 | 8.4 12.0 | 16.7 | 20.5 | 225 | 23.8 | 22.8 | 205 | 154 | 10.0 | 6.5 15.4

2003 | 44 [ 76 11.2 [ 160 | 193 | 225 | 232 | 233 |219 | 155 | 10.1 | 6.0 15.1

2004 | 4.7 | 8.2 129 | 177 | 205 | 221 | 229 | 229 | 218 | 149 | 9.3 6.4 15.4

2005 | 5.8 [ 8.9 123 [ 158 | 193 | 23.7 [ 236 | 231 |222 | 167 |93 4.8 15.5

2006 | 46 | 10.7 [ 119 |16.7 [21.2 [222 [23.8 (234 [221 | 169 | 113 | 6.6 16.0

2007 | 3.7 | 9.0 12.2 | 18.0 | 206 | 236 | 23.7 | 23.7 | 219 | 17.1 | 11.0 | 6.1 15.9

2008 | 5.7 [ 7.0 13.0 [ 16.7 | 203 | 231 | 236 | 234 |211 |16.0 | 11.0 | 7.9 15.7

2009 | 6.1 | 8.2 11.7 [ 17.2 | 206 | 22.8 | 240 | 239 | 21.9 | 15.1 | 106 | 6.6 15.7

2010 | 53 [ 7.9 13.7 [ 182 | 198 229 |232 |236 |219 | 167 | 12.0 | 53 15.9

118
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2011 | 45 (79 11.8 15.9 20.4 22.2 23.2 23.2 22.4 16.7 11.3 5.7 15.4
2012 | 48 | 7.3 11.0 | 16.6 | 206 | 24.8 | 23.8 | 23.0 18.1 114 | 54 5.2 14.3
2013 | 3.9 | 8.8 12.9 16.6 | 21.1 | 22.8 | 23.8 | 23.1 | 21.9 179 | 9.6 5.6 15.7
2014 | 56 | 7.8 114 | 15.2 | 20.0 | 239 | 23.8 | 235 | 21.7 16.1 106 | 5.7 15.4
2015 | 6.3 | 85 124 | 155 | 20.0 | 22.7 | 23.7 | 23.1 | 215 15.8 106 | 5.6 15.5
2016 | 44 | 8.0 12.8 16.5 | 20.3 | 23.0 | 23.2 | 23.2 | 21.7 16.4 | 9.5 6.3 15.4
2017 | 49 | 8.2 114 | 17.8 | 20.0 | 225 | 23.1 | 23.1 | 219 16.2 10.0 | 6.9 15.5
2018 | 3.3 | 84 13.0 | 16.8 | 19.7 | 23.4 | 240 | 23.7 | 220 13.8 | 9.7 4.9 15.2
2019 | 54 | 9.0 11.5 173 | 204 | 23.1 | 23.7 | 240 | 22.6 17.1 13.0 | 5.9 16.1
2020 | 6.8 | 9.9 11.2 16.3 | 19.0 | 229 | 23.8 | 22.8 184 | 8.2 13.0 | 8.9 16
Minimum temperature temperature of 2020 ranges 5.4 to 24 so the
Average minimum temperature of 2019 ranges domain for minimum average temperature is
5.4 to 24 so the domain for minimum average [6.8, 22.8]
temperature is [5.4, 24] and average minimum
Membership Function of Temperature [2019]
Min = 16.1 Average =22.53 Max = 29
0 forx <16.1
x—16d 161 < x < 22.53
643 for16.1 <x .
U2010(X) =1 29 — 2253 29
53 <
647 for <x<
0 forx =29
Then,
0 for x < 5.4
x4 54<x<115
11554 fors4sx<ll
Hmin(X) =1 16.1 —x 115 <% < 161
T61-115 Jorits=x<l6
0 forx >16.1
0 for x < 16.1
x—16.1
5 for16.1 <x <18
Havg(x) =4 22,53 — x 18 <5 <2253
2253-18 Jori8sx<22z
0 forx > 22,53
0 for x < 22.53
X~ 2253 2253 <x <25
25— 2253 for22.53 <x
Hmax(X) =4 29 —x 95 < x <29
2925 for25 <x
0 forx =29
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GOVERNMENT OF NEPAL
DEPARTMENT OF HYDROLOGY & METEOROLOGY
Office of Hydrology & Meteorology (OHM), Kohalpur (Current Surkhet)
Station: Surkhet

2019 Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Avg
Average |76.45|74.52|61.55|57.55|41.58|62.88|82.86|82.04 |84.14|78.32|78.97 |78.69|71.63
Max. 98.7698.79(98.83|97.12|88.04| 100 |[98.41|98.37| 100 [99.02 | 98.9 |98.76 | 97.92
Mini 41.6 |37.68| 25 25.5 | 15.6 | 23.1 | 56.9 [63.93|62.59|52.77 |47.09 | 46.13 | 41.5
Ave. Humidity in Percentage
2020 |Jan Feb Mar  |Apr May |Jun Jul Aug Sep Oct |Nov |[Dec |Avg
Ave 84.7 77.98 |69.26 [59.61 |65.64 |79.79 |82.75 |83.84 |81.99 |71.33(72.01 |74.38|74.42
Max. |98.89 |98.89 (98.88 |97.97 |(98.16 |99.17 [98.38 (98.38 |98.35 [100 |98.53 [98.86|98.71
Mini |56 40.44 |38.35 |30.91 (32.18 |35.07 |-0.23 |[65.2 57.57 |37.56|41.53 |38.93(39.46
Membership Function of Humidity [2019]
Min=41.5 Average=71.79 Max=97.92
0 for y < 41.5
y 415 415 < x < 71.79
71.79 — 415 for 415 <x <71
Fao) =) 9792y 71.79 < x < 97.92
97.92 — 71.79 for71.79 < x <97.
0 forx =97.92
Then,
0 for y < 15.6
y— 156 15.6 < x < 25
25— 156 for15.6 < x
l’lmin(y) =13 415 — y 25 415
- < < i
41525 for25<x <
0 for x = 41.5
0 for y < 41.5
y — 415 415 < x < 61.55
61.55 — 415 for 41.5 < x < 61.
HaogD) =4 7179~y 61.55 < x < 71.79
—_—— . < .
71.79 — 61.55 for =X
0 forx =71.79
0 for y < 71.79
y 7179 71.79 < x < 88.04
88.04 — 71.79 for71.79 < x <88,
Umax (V) = 9792 —y 88.04 < 97.92
97.92 — 88.04 for 88.04 < x <97.
0 forx =97.92




Shabhi et al.: Application of Fuzzy Mathematics

GOVERNMENT OF NEPAL
DEPARTMENT OF HYDROLOGY & METEOROLOGY
Office of Hydrology & Meteorology (OHM), Kohalpur (Current Surkhet)
Station: Surkhet
Ave. Rainfall In mm

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
2019 61.8 126.8 18.6 35.6 7.0 192.0 462.7 185.6 316.4 6.1 0.0 73.5 123.8

2020 179.0 63.8 712 | 60.3 116.5 306.7 348.4 458.0 199.6 0.0 4.2 0.0 150.6

Membership Function of Rainfall (2019)

Min=6.1 Average=123.8 Max=462.7
0 for z < 6.1
z— 6.1 61<x<1238
1238 - 6.1 for6ls<x :
H2010(2) = 462.7 — z 123.8 < x < 462.7
462.7 — 1238 for1238 <x '
0 forx = 462.7
Rule Base
S.N. Rule

1 | If temperature is LT and humidity is LH, then rainfall is LR
If temperature is AT and humidity is LH, then rainfall is LR
If temperature is HT and humidity is LH, then rainfall is AR
If temperature is LT and humidity is AH, then rainfall is AR
If temperature is AT and humidity is AH, then rainfall is AR
If temperature is HT and humidity is AH, then rainfall is AR
If temperature is LT and humidity is AH, then rainfall is LR
If temperature is AT and humidity is HH, then rainfall is HR
If temperature is HT and humidity is HH, then rainfall is HR

Ol IN|OO V| W|N

Rule evaluation
For this paper direct observation is not done so we assume that the value of input parameter as
humidity is 70 percentage and temperature is 20-degree celcius for 2019.

For the temperature i.e x = 20, by the triangular membership function of temperature, it lies between
18 < x < 22.53. The membership function is given by

2253 —x
Mavg (¥) = —=2— for 18 < x <22.53
Then,
I‘lavg(x = 20) = 2253-20 = 0.56.

453
For the humidity 70 percentage i.e y = 70.By the triangular membership function of humidity, it lies between
61.55 < y < 71.79.
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The membership function is given by
7179 —y

o . . < .
Mavg (V) = o=~ ee for 61.55 < x < 71.79

Then

7179-70  _ 47

“‘“’90/ =70) = 71.79-61.55

Then, the strength rule is evaluated by ‘Max’ operator.
The strength rule,
§1 = max {uavg(x = 20), Hgre(y = 70),}

= max {0.56,0.17}

= 0.56.

Then
() = 1627 =2
Mavg"2) = 4627 - 1238
056 < 16277
or U 338.9
or, 0.56 X 3389 =462.7 -z
or, 189.784 = 462.7—z
or, z =462.7 —189.784
or, z =272916 mm
Conclusion we take average temperature x=20 and average

The paper underscores the significance of fuzzy
logic as a valuable tool for improving decision-
making processes in complex and uncertain
environments, leading to better outcomes and
resource allocation in various application
domains. The work highlights the application of
fuzzy logic in establishing relations between
humidity, temperature, and precipitation or
rainfall through fuzzy inference. Here, we have
used primary data from Surkhet’s hydrology and
meteorology station to show the application of
fuzzy set theory with specific rules based on
data, and the utilization of average humidity and
temperature data from 2019.

Here we use the primary data of temperature

humidity and rainfall of Surkhet district of 2019.
122

humidity y=70 and which result is average
rainfall.

References

Aage, C. T., Choudhury, B. S., & Das, K. (2017).
Some fixed-point results in fuzzy metric
spaces using a control function. Surveys in
Mathematics and its Applications, 12, 23-
34.

Bellman, R. E., & Zadeh, L. A.: Decision-making in
a fuzzy environment, Management science,
17(4) (1970), B-141.
https://doi.org/10.1287/ mnsc.17.4.B141

Goguen, J. A. (1973). LA Zadeh. Fuzzy sets.
Information and Control, 8 (1965), 338-
353.



Shabhi et al.: Application of Fuzzy Mathematics

https://youtu.be/fqZvzQayx7A?si=8963jgvP3B2a
FQPq

Kaleva, O., & Seikkala, S. (1984). On fuzzy metric
spaces. Fuzzy Sets and Systems, 12(3), 215-

229.
Sami, M., Shiekhdavoodi, M., Almassi, M., &
Marzban, A. (2013). Assessing the

sustainability of agricultural production
systems using fuzzy logic. Journal of Central
European Agriculture.

Pandey, P., Litoriya, R., & Tiwari, A. (2018). A
framework for fuzzy ~modelling in
agricultural diagnostics. Journal Européen
des Systemes Automatisés, 51.

Paudel G.P., Pahari N.P.,, & Kumar S. (2022).
Application of fuzzy logic through bellmen-
zahed maximal method. Journal of Nepal
Mathematical Society, 5(1), 41-47.

Philomine Roseline, T., Ganesan, N., Clarence, &
Tauro, J. M. (2015). A Study of applications
of fuzzy logic in various domains of

agricultural sciences. International
Conference on Current Trends in Advanced

Computing ICCTAC 2015(1), 15-18.

Rodriguez, E. R. V., & Martinez-Lépez, Y. (2019).
Decision-Making in Agriculture with the Use
of Fuzzy Mathematical Models. Revista
Ciencias Técnicas Agropecuarias, 28(2), 1-6.

Selvaraj, A., Arasan, A., Tamane, S., Kannadasan,
R., Saravanan, S., Jadhav, M. K., & Mohsin,
A. M. (2023).
Prediction of Rainfall Fuzzy Rainfall Index.
International Conference on Applications of
Machine Intelligence and Data Analytics
(ICAMIDA 2022), 838-850.

Stoji¢, G. (2012). Using fuzzy logic for evaluating

Mamdani Fuzzy Based

the level of countries’(regions’) economic
development. Panoeconomicus, 59(3), 293-
310.

Yuan, G. J. (2018). Fuzzy Logic Sets and Fuzzy
Logic, Theory and Applications. New Delhi,

Pearson.

Zadeh, L.A. (1965). Fuzzy sets, Information and
Control, 8(3), 338-353.
https://doi.org/10.1016/ S0019-

9958(65)90241-X.

Zadeh, L. A. (2008). Is there a need for fuzzy
logic? Information Sciences 178(3), 2751
2779.



