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1. Introduction

The concept of Interval valued fuzzy matrix (IVFM) is one of the recent topics developed for dealing with the uncertainties

present in most of our real life situations. Most of our real life problems in agriculture fertilizer, management environment

and social sciences often involve data which are not necessarily crisp, precise and deterministic in character due to various

uncertainties associated with these problems. Such uncertainties are usually being handled with the help of the topic like

probability, fuzzy sets, intuitionistic fuzzy sets, interval mathematics and rough sets etc. When the elements of Fuzzy

matrix are the subintervals of the unit interval [0, 1], then the fuzzy matrix is known as interval valued fuzzy matrix

(IVFM). The concept of IVFMS as a generalization of fuzzy matrix was introduced and developed by Shyamal and Pal [11],

by extending the max-min operations on fuzzy algebra F = [0, 1], for elements a, b ∈ F determined as a + b = max {a, b}

and a · b = min {a, b} and the standard order ≥ of real numbers over F.

In this paper, by using the representation of interval valued fuzzy matrix, we provide the techniques to study Sanchez’s

approach in agriculture field of interval valued fuzzy matrices. In section 2, we present the basic definition and notations

of an IVFM. In section 3, by using the representation of an interval valued fuzzy matrix as an interval matrix of two fuzzy

matrices, we propose a method based on Sanchez’s approach to finding the plant diseases in agriculture field. In section 4,

we have introduce the geometric mean (gm) matrix of IVFM A as the geometric mean of the lower and upper limit matrices

AL and AU and directly apply Sanchez’s method in agriculture field for the gm(A), which is a fuzzy matrix.

∗ E-mail: pushpakrishniha@gmail.com

387

http://ijmaa.in/


An Application of Interval Valued Fuzzy Matrices in Agricultural Field

2. Preliminaries

Definition 2.1. An m× n matrix A = [aij ] whose components are in the unit interval [0, 1] is called a fuzzy matrix.

Definition 2.2. An interval-valued fuzzy matrix (IVFM) of order m×n is defined as A = (aij)m×n, where aij = [aijL, aijU ]

is the ijth element of A represents the membership value. All the elements of an IVFM are intervals and all the intervals

are the subintervals of the interval [0, 1].

Definition 2.3. For A = (aij) = ([aijL, aijU ]) and B = (bij) = ([bijL, bijU ]) of order m× n their sum denoted as A + B is

defined as A + B = (aij + bij) = [(aijL + bijL), (aijU + bijU )], then addition is

A + B = max{aij , bij} = [max{aijL, bijL},max{aijU , bijU}]

Definition 2.4. Definition 2.4 For A = (aij)m×n and B = (bij)n×p their product denoted as AB is defined as

AB = (Cij) =

[
k=1∑
n

aikbkj

]
for i = 1, 2, . . .m and j = 1, 2, . . . p

=

[
k=1∑
n

(aikL.bkjL) ,

k=1∑
n

(aikU .bkjU )

]

= [max min (aikL.bkjL) ,max min (aikU .bkjU )]

3. Application of Interval Valued Fuzzy Matrices in Agriculture Field

Suppose S is a set of symptoms of certain diseases. D is a set of diseases and P is a set of plants, construct an interval

valued fuzzy matrix (F,D) over S, where F is a mapping F : D → F (S), F (S) is a set of all interval valued fuzzy sets of S.

A relation matrix say, R1 is constructed from the interval valued fuzzy matrix (F,D) and called symptom-disease matrix.

Similarly its compliment (F,D)C gives another relation matrix, say R2, called non symptom diseases matrix. Analogous

to sanchez’s notion of agriculture knowledge, we refer to each of the matrices R1 and R2 as agriculture knowledge of an

interval valued fuzzy matrix. Again we construct another interval valued fuzzy matrix (F1, S) over P, where F1 is a mapping

given by F1 : S → F (P ). This interval valued fuzzy matrix gives another relation matrix Q called plants-symptom matrix.

Then we obtain two new relation matrices T1 = Q.R1 and T2 = Q.R2 called symptom plant matrix and non symptom plant

matrix respectively. Now,

T1 = Q.R1 (1)

T2 = Q.R2 (2)

Let T1 = [T1L, T1U ], Q = [QL, QU ], R1 = [R1L, R1U ], T2 = [T2L, T2U ] and R2 = [R2L, R2U ], be the representation of the

IVFM T1, Q, R1, T2 and R2, then by using the IVFM operation in (1) and (2) we get,

T1L = QL.RIL and T1U = QU .R1U (3)

T2L = QL.R2L and T2U = QU .R2U (4)

Let us define the non-disease matrices T3L, T3U , T4L and T4U corresponding to T1L, T1U , T2L and T2U respectively as

T3L = QL. (J −R1L) and T3U = QU . (J −R3U ) (5)

388



C. Loganathan and V. Pushpalatha

T4L = QL. (J −R2L) and T4U = QU . (J −R2U ) (6)

where J is the matrix with all entries ‘1’. Now,

ST1L = max
i,j

[T1L (pi, dj) , T4L (pi, dj)] and ST1U = max
i,j

[T1U (pi, dj) , T4U (pi, dj)] (7)

ST2L = max
i,j

[T2L (pi, dj) , T3L (pi, dj)] and ST2U = max
i,j

[T2U (pi, dj) , T3U (pi, dj)] (8)

for all i = 1, 2, 3, . . . ,m, j = 1, 2, 3, . . . , n. We calculate the diagnosis score ST1 and ST2 for and against the diseases

respectively.

ST1 = max
i,j

[ST1U (pi, dj) , ST2L (pi, dj)] (9)

ST2 = max
i,j

[ST1L (pi, dj) , ST2U (pi, dj)] (10)

for all i = 1, 2, 3, . . . ,m, j = 1, 2, 3, . . . , n. Now if

max
j

[ST1 (pi, dj)− ST2 (pi, dj)] (11)

occurs for exactly (pi, dk) only, then we conclude that the acceptable diagnostic hypothesis for plants pi is the disease dk.

In case there is a tie, the process has to be repeated for plants pi by reassessing the symptoms.

3.1. Algorithm

(1). Input the interval valued fuzzy matrices (F,D) and (F,D)C over the set S of symptoms S, where D is the set of

diseases. Also write the agriculture knowledge matrix R1 and R2 representing the relation matrices of the IVFM (F,D)

and (F,D)C respectively.

(2). R2 = 1−R1 = [1−R1U , 1−R1L].

(3). Input the IVFM (F1, S) over the set P of plants and write its relation matrix Q.

(4). Compute the relation matrices

(i). T1L = QLR1L and T1U = QUR1U .

(ii). T2L = QLR2L and T2U = QUR2U then we get,

T3L = QL. (J −R1L) and T3L = QU . (J −R1U )

T4L = QL. (J −R2L) and T4L = QU . (J −R2U )

(5). Compute ST1L , ST1U , ST2L , ST2U .

(6). Compute the diagnosis scores ST1 and ST2 .

(7). Find Sk = max
j
{ST1 (pi, dj)− ST2 (pi, dj)} then we conclude that the plant Pi is suffering from the disease dk.

(8). If Sk has more than one value than go to step 1 and repeat the process by reassessing the symptoms for the plants.
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Example 3.1. Suppose there are three plants Mango (p1), Citrus (p2), Guava (p3) in an agriculture field with symptoms

black or dark coloured circular spots on leaves with shot holes, powdery growth on the leaves, pinkish brown pustules on the

leaves. Let the possible diseases relating to the above symptoms be anthracnose, powdery mildew, rust. We consider the set

S = {e1, e2, e3} as universal set, where e1, e2 and e3 represent the symptoms black or dark coloured circular spots on leaves

with shot holes, powdery growth on the leaves, pinkish brown pustules on the leaves respectively and the set D = {d1, d2, d3}

where d1, d2 and d3 represent the parameters Anthracnose, powdery mildew and rust respectively.

Suppose that,

F (d1) = [〈e1, [.5, .9]〉 , 〈e2, [.3, .8]〉 , 〈e3, [.2, .4]〉]

F (d2) = [〈e1, [.2, .5]〉 , 〈e2, [.7, 1]〉 , 〈e3, [.6, .9]〉]

F (d3) = [〈e1, [.5, .7]〉 , 〈e2, [.2, .3]〉 , 〈e3, [.5, 1]〉]

The interval valued fuzzy matrix (F,D) is a parameterized family [F (d1), F (d2), F (d3)] of all interval valued fuzzy matrix

over the set S and are determined from expert agriculture documentation. Thus the fuzzy matrix (F,D) gives an approximate

description of the interval valued fuzzy matrix agriculture knowledge of the three diseases and their symptoms. This interval

valued fuzzy matrix (F,D) and its complement (F,D)C are represented by two relation matrices R1 and R2 called symptom-

disease matrix and non symptom-disease matrix respectively given by

R1 =



d1 d2 d3

e1 [.5, .9] [.3, .8] [.2, .4]

e2 [.2, .5] [.7, 1] [.6, .9]

e3 [.5, .7] [.2, .3] [.5, 1]



R2 =



d1 d2 d3

e1 [.1, .5] [.2, .7] [.6, .8]

e2 [.5, .8] [0, .3] [.1, .4]

e3 [.3, .5] [.7, .8] [0, .5]


By our representation R = [RL, RU ] we have

R1L =



d1 d2 d3

e1 .5 .3 .2

e2 .2 .7 .6

e3 .5 .2 .5


and

R1U =



d1 d2 d3

e1 .9 .8 .4

e2 .5 1 .9

e3 .7 .3 1



R2L =



d1 d2 d3

e1 .1 .2 .6

e2 .5 0 .1

e3 .3 .7 0


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R2U =



d1 d2 d3

e1 .5 .7 .8

e2 .8 .3 .4

e3 .5 .8 .5


Again we take P = {p1, p2, p3} as the universal set where p1, p2, p3 represent plants and set S = {e1, e2, e3} as the set of

parameters. Suppose that

F1(e1) = [〈p1, [.3, .5]〉 , 〈p2, [.8, 1]〉 , 〈p3, [.4, .7]〉]

F2(e2) = [〈p1, [.7, 1]〉 , 〈p2, [.3, .6]〉 , 〈p3, [.2, .4]〉]

F3(e3) = [〈p1, [.5, .7]〉 , 〈p2, [.1, .5]〉 , 〈p3, [.7, .9]〉]

The interval valued fuzzy matrix (F1, S) is another parameterized family of all interval valued fuzzy matrices and gives

a collections of approximate description of the plant-symptoms in the agriculture field. This interval valued fuzzy matrix

(F1, S) represents a relation matrix Q called plant-symptom matrix given by

Q =



e1 e2 e3

p1 [.3, .5] [.8, 1] [.4, .7]

p2 [.7, 1] [.3, .6] [.2, .4]

p3 [.5, .7] [.1, .5] [.7, .9]


By our representation Q = [QL, QU ] we have

QL =


.3 .8 .4

.7 .3 .2

.5 .1 .7

 and QU =


.5 1 .7

1 .6 .4

.7 .5 .9


Then combining the relation matrices R1L, R1U and R2L, R2U separately with QL and QU we get the matrices T1 = [T1L, T1U ]

and T2 = [T2L, T2U ]. From equations (3), (4), (5) and (6) we have

T1L = QL.R1L =



d1 d2 d3

p1 .4 .7 .6

p2 .5 .3 .3

p3 .5 .3 .5



T1U = QU .R1U =



d1 d2 d3

p1 .7 1 .9

p2 .9 .8 .6

p3 .7 .7 .9



T2L = QL.R2L =



d1 d2 d3

p1 .5 .4 .3

p2 .3 .2 .6

p3 .3 .7 .5


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T2U = QU .R2U =



d1 d2 d3

p1 .8 .7 .5

p2 .6 .7 .8

p3 .5 .8 .7



T3L = QL.(J −R1L) =



d1 d2 d3

p1 .8 .4 .4

p2 .5 .7 .7

p3 .5 .7 .5



T3U = QU .(J −R2U ) =



d1 d2 d3

p1 .5 .7 .5

p2 .5 .4 .6

p3 .5 .7 .6



T4L = QL.(J −R2L) =



d1 d2 d3

p1 .5 .8 .8

p2 .7 .7 .4

p3 .7 .5 .7



T4U = QU .(J −R2U ) =



d1 d2 d3

p1 .5 .7 .6

p2 .5 .6 .6

p3 .5 .5 .5


Now, from equations (7) and (8) we have

ST1L =



d1 d2 d3

p1 .5 .8 .8

p2 .7 .7 .4

p3 .7 .5 .7



ST1U =



d1 d2 d3

p1 .7 .1 .9

p2 .9 .8 .6

p3 .7 .7 .9



ST2L =



d1 d2 d3

p1 .8 .4 .4

p2 .5 .7 .7

p3 .5 .7 .5



ST2U =



d1 d2 d3

p1 .8 .7 .5

p2 .6 .7 .8

p3 .5 .8 .7


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We calculate the diagnosis score for and against the diseases ST1 and ST2 from equations (9) and (10) we have

ST1 =



d1 d2 d3

p1 .8 1 .9

p2 .9 .8 .7

p3 .7 .7 .9



ST2 =



d1 d2 d3

p1 .8 .8 .8

p2 .7 .7 .8

p3 .7 .8 .7


Now, for equation (11) we have the difference for and against the diseases by IVFM method

ST1 − ST2 d1 d2 d3

p1 0 .2 .1

p2 .2 .1 −.1

p3 0 −.1 .2

(a) Mango Powdery Mildew (b) Citrus Anthracnose (c) Guava Rust

Figure 1:

We conclude the plant Mango (p1) is affected by disease powdery mildew (d2) (Figure 1-a), Citrus (p2) is affected by disease

Anthracnose (d1) (Figure 1-b) and Guava (p3) is affected by disease rust (d3) (Figure 1-c) [13].

4. Geometric Mean (GM) Method

In this section, we apply Sanchez’s method of plant finding plant disease in agriculture field by using geometric mean(GM )

method of interval valued fuzzy matrix.

Definition 4.1. Let A = [AL, AU ]. Geometric mean of an IVFM A = geometric mean of AL and AU denoted as GM(A)

is defined as GM(A) =
√
AL.AU = (AL.AU )1/2 is the fuzzy matrix.

The relation matrices R1, R2 and Q are constructed as in Step 1, 2, 3 of the algorithm (1). By using the definition (12)

of the geometric mean of an IVFM, let as compute the GM(R1), GM(R2) and GM(Q) for the matrices R1 = [R1L, R1U ],

R2 = [R2L, R2U ] and Q = [QL, QU ]. By using definition (12)

GM(R1) =
√
g1L.g1U (12)
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GM(R2) =
√
g2L.g2U (13)

GM(Q) =
√

QL.QU (14)

Then combining the relation matrices GM(R1) and GM(R2) separately with GM(Q) under the max.min composition of

fuzzy matrices we get

T1 = GM(Q).GM(R1) (15)

T2 = GM(Q).GM(R2) (16)

T3 = GM(Q).(J −GM(R1)) (17)

T4 = GM(Q).(J −GM(R2)) (18)

where J is the matrix with all entries ‘1’. By using Sanchez’s technique [8, 9], we calculate the diagnosis score ST1 and ST2

for and against the disease respectively.

ST1 = max
ij

[T1 (pi, dj) , T4 (pi, dj)] ∀ i = 1, 2, 3 and j = 1, 2, 3 (19)

ST2 = max
ij

[T2 (pi, dj) , T3 (pi, dj)] ∀ i = 1, 2, 3 and j = 1, 2, 3 (20)

Now if

max
j

[ST1 (pi, dj) ,−ST2 (pi, dj)] (21)

occurs for exactly (pi, dk) only, then we conclude that the acceptable diagnostic hypothesis for plants pi is the disease dk.

In case there is a tie, the process has to be repeated for patient pi by reassessing the symptoms.

Example 4.2. Consider the same plants, disease and same symptoms of Example 3.1 and consider the following R1, R2

and Q.

R1 =



d1 d2 d3

e1 [.2, .5] [.6, .8] [.3, .7]

e2 [.4, .9] [.1, .5] [.5, .9]

e3 [.6, .8] [.3, .5] [.6, .7]



R2 =



d1 d2 d3

e1 [.4, .6] [.3, .5] [.6, .7]

e2 [.2, .4] [.5, .7] [.7, .9]

e3 [.6, .8] [.2, .3] [.3, .7]



Q =



e1 e2 e3

p1 [.3, .6] [.4, .7] [.2, .8]

p2 [.2, .9] [.5, .8] [.3, .6]

p3 [.5, .9] [.2, .3] [.3, .4]


We shall calculate the geometric mean of symptom disease matrix gm(R1), geometric mean of non symptom disease matrix

gm(R2) and geometric mean of patient symptom matrix GM(Q) by using (12), (13) and (14) for the matrices R1, R2 and

Q respectively.

394



C. Loganathan and V. Pushpalatha

GM(R1) =



d1 d2 d3

e1 .32 .69 .46

e2 .6 .22 .67

e3 .69 .39 .65



GM(R2) =



d1 d2 d3

e1 .49 .39 .65

e2 .28 .59 .79

e3 .69 .24 .46



GM(Q) =



d1 d2 d3

p1 .42 .53 .4

p2 .42 .63 .42

p3 .67 .24 .35


Then combining the relation matrices GM(R1), GM(R2) and GM(R3) separately with GM(Q) we have

T1 = (GM(Q)) (GM(R1)) =



d1 d2 d3

p1 .53 .42 .53

p2 .6 .42 .63

p3 .35 .67 .46



T2 = (GM(Q)) (GM(R2)) =



d1 d2 d3

p1 .42 .53 .53

p2 .6 .42 .63

p3 .49 .39 .65



T3 = (GM(Q)) (J −GM(R1)) =



d1 d2 d3

p1 .42 .53 .42

p2 .42 .63 .42

p3 .67 .35 .54



T4 = (GM(Q)) (J −GM(R2)) =



d1 d2 d3

p1 .53 .42 .4

p2 .63 .42 .42

p3 .51 .61 .35


Then by equations 4.8 and 4.9 we have

ST1 =



d1 d2 d3

p1 .53 .42 .53

p2 .63 .42 .63

p3 .51 .67 .46


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ST2 =



d1 d2 d3

p1 .42 .53 .53

p2 .6 .63 .63

p3 .67 .39 .65


Now we calculate from equation (21) we have, the difference for and against the disease by geometric mean method.

ST1 − ST2 d1 d2 d3

p1 .11 −.11 0

p2 .3 −.21 0

p3 .16 .28 −.19

(a) Mango Anthracnose (b) Citrus Anthracnose (c) Guava Powdery Mildew

Figure 2:

Now we conclude that the plant Mango (p1) and Citrus (p2) are affected by the disease Anthracnose (d1), see Figure 2 - a

& b and Guava (p3) is affected by the disease Powdery Mildew (d2), see Figure 2 - c.

5. Conclusion

In this paper, we have applied Sanchez’s approach for finding the disease in agriculture field by using interval valued fuzzy

matrix.
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