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Abstract: In this paper, we extend sanchez’s approach in agricultural field to find the disease of the plant by using the representation
of an interval valued fuzzy matrix as an interval matrix of two fuzzy matrices. We introduce geometric mean of an interval
valued fuzzy matrix and propose a method to study sanchez’s approach in agriculture field through the geometric mean
of an interval valued fuzzy matrix.
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1. Introduction

The concept of Interval valued fuzzy matrix (IVFEM) 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

Ap and Ay and directly apply Sanchez’s method in agriculture field for the gm(A), which is a fuzzy matrix.
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2. Preliminaries

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

Definition 2.2. An interval-valued fuzzy matriz (IVEM) of order m X n is defined as A = (ai;)mxn, where aij = [ai;jL, Gijy ]
is the ij'" 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 = (ai;) = ([aijL, aiju]) and B = (bij) = ([bijr, biju]) of order m X n their sum denoted as A+ B is

defined as A+ B = (ai; + bij) = [(ai;r + bijr), (aiju + biju)], then addition is
A+ B = max{aij, bi;} = [max{ai;r, bijr }, max{aiju, biju}]

Definition 2.4. Definition 2.4 For A = (aij)mxn and B = (bij)nxp their product denoted as AB is defined as
k=1
AB = (Cyj) = [Zaikbkj] fori=1,2..mandj=1,2...p

k=1 k=1
= [Z (aikr-brir), Z (ainv -brju)

n n

= [max min (airr.br;r) , max min (a;xv.brjv)]

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, Ri 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 Ra, called non symptom diseases matrix. Analogous
to sanchez’s notion of agriculture knowledge, we refer to each of the matrices R; and R2 as agriculture knowledge of an
interval valued fuzzy matrix. Again we construct another interval valued fuzzy matrix (F1,S) over P, where Fi is a mapping
given by Fi : S — F(P). This interval valued fuzzy matrix gives another relation matrix Q called plants-symptom matrix.
Then we obtain two new relation matrices 71 = Q.R; and T = Q.R» called symptom plant matrix and non symptom plant

matrix respectively. Now,

Th=Q.R 1)

T, =Q.R2 (2)

Let Th = [Thr,Tw], Q = [Qr,Qu], R1 = [Rir, Riwv], T = [Tor,Tov] and Ry = [Rar, Rau], be the representation of the

IVFM Ti, Q, R1, T> and Ra, then by using the IVFM operation in (1) and (2) we get,

T1L = QL.R[L and TlU = QU-RlU (3)

T2L = QL.RQL and T2U = QU.RQU (4)
Let us define the non-disease matrices 151, T5u, Tar, and Ty corresponding to Tir, Thiv, 121, and Toy respectively as

T =Qr.(J — RlL) and Tsv = Qu. (J — RgU) (5)
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Tur, = Q1. (J - RQL) and Tuy = Qu. (J — RQU) (6)

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

Sty = max[Tiz (pi,d;), Tar (pi, ;)] and Sy, = max [T (pi, d;), Tav (pi, d;)] (M)

81y, = max[Tor (pi,d;), Tse (pi ;)] and Sy, = max [Toy (pi, d;) , Tsv (pi dy)] (8)

for all ¢ = 1,2,3,...,m, 7 = 1,2,3,...,n. We calculate the diagnosis score S7; and St, for and against the diseases
respectively.

Sty = n}aj'x [STIU (pi7dj) 7ST2L (piv d])} (9)

Sty = Hll%x [S1yp, (Piydj), STy (is dy)] (10)

foralli=1,2,3,...,m, j=1,2,3,...,n. Now if
mjax [STl (pi7dj) - ST2 (pi7dj)] (11)

occurs for exactly (p;,dx) only, then we conclude that the acceptable diagnostic hypothesis for plants p; is the disease dj.

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

3.1. Algorithm

(1). Input the interval valued fuzzy matrices (F, D) and (F, D) over the set S of symptoms S, where D is the set of
diseases. Also write the agriculture knowledge matrix R and Rs representing the relation matrices of the IVFM (F, D)

and (F, D)€ respectively.
(2). Re=1- R = [l — Ry, 1 — Ruz).
(3). Input the IVFM (F1,.S) over the set P of plants and write its relation matrix Q.
(4). Compute the relation matrices

(i). TlL = QLR1L and TIU = QUR1U~

(ii). Ty = QLRZL and Toy = QURQU then we get,

T3L = QL-(J_RlL) and T3L = QU.(J— RlU)

Ty = Qr.(J — Rar) and Ty = Qu.(J — Rav)

(5). Compute Sty , Sty STor> STy -

(6). Compute the diagnosis scores S, and St,.

(7). Find Sk = max {St, (pi,d;) — St, (pi,d;)} then we conclude that the plant P; is suffering from the disease dj.
J

(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, ea and es 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 = {di1,d2,ds}

where d1, da and ds represent the parameters Anthracnose, powdery mildew and rust respectively.

Suppose that,

F(d1)

[(e1, [.5,.9]), (e2,[.3, .8]), (e3,[.2, .4])]
[(e1,[.2,.5]), (e2, [.7,1]), (es, [.6, .9])]

F(ds) = [(e1,[.5,.7]), {e2,[.2,.3]), {es, [.5,1]}]

F(ds)

The interval valued fuzzy matrix (F, D) is a parameterized family [F'(d1), F(d2), F(ds)] 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 Rz called symptom-

disease matrix and non symptom-disease matrix respectively given by

dy da dg
e [ 15,9 [.3,.8] [.2,.4]
Ri= o | [2,5 [7.1] [6,.9
es \ [5,.7 [2,.3] [5,1]

e [ [1,.5] [.2,.7] [6,.8]
Ro= o | [5,.8] [0,.3] [1,.4]
es \ [3,.5] [7,.8] [0,.5]

By our representation R = [Rr, Ry] we have
dy do ds
er [ B .3 .2
Rir= ¢ 2 .7 6

es \ .D .2 .5

and
dy dg dg
e1 9 8 4

Riv=c| 51 .9

es \ .7 .3 1
dy do d3
er [ .1 .2 6

Ry, = eo S 0 1
e3\ .3 .7 0
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di dy d3

er [ D 7T 8

Ry = ;| 8 .3 4

ez \ .0 .8 5

Again we take P = {p1,p2,p3} as the universal set where p1,p2,ps represent plants and set S = {e1,ez,e3} as the set of

parameters. Suppose that

Fi(e1) = [{p1,[-3,.5]) , (p2, [.8,1]) , (ps, [-4, .T])]
FQ(GQ) = [<p17 ['77 1]> ) <p27 ['37 6]> ) <p37 [‘27 4]>]

F(es) = [(p1, [:5, .71}, (p2, [-1,.5]) , (ps, [.7,.9])]

The interval valued fuzzy matrix (Fi,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

€1 €2

p [ [3,.5] [.8,1]

€3

4,

]

Q= p | [7,1] [3,.6] [.2,.4]

ps \ [5,.7] [1,.5] [.7,.9]

By our representation @ = [Qr, Qu] we have

3 .8 4
Q=1 .7 3 .2 and Qu =
5.1 .7

517
1 .6 4
759

Then combining the relation matrices Rir,, Riv and Rar, Rou separately with Qr, and Qu we get the matrices Tt = [T1r, Tiv]

and T> = [Tzr, Tov]. From equations (3), (4), (5) and (6) we have

T, =Qr.RiL = p,

p3

Tw =Qu.Rwv = p,

p3

P1

Tor = Qr.Rar = o,

b3

d1

d1

de d3
7.6
3 .3
3 .5
dy dj
1.9
8 .6
79
dy d3
4 .3
2 .6
7.5
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Tov = Qu.Rav = o,

p3

T3r = Qr.(J — RiL) = p,

P3

Tsu = Qu.(J — Rav) = o,

Ty = Qr.(J — Rar) = p,

p3

P1

Tw =Qu.(J — Rav) = 4,

Now, from equations (7) and (8) we have
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STlL

STIU

ST2L

ST2U

p1

p2

p3

p2

p3

p2

p3

p1

p2

p3

e N e Y e Y N

p3

dy da
5 .8
T7
75
dy da
71
9 .8
T
dy da
8 4
5 .7
5 .7
dy da
8 .7
6 .7
b .8

di da d3
8 .7 .5
6 .7 8
b5 8.7
di dy d3
8 4 4
5T T
57T 5
di do d3
57T 5
b5 4 .6
57T 6
di dy d3
b5 8 .8
ST A4
7507
di do d3
57T 6
5 6 .6
b5 55

ds

d3
.5
.8
7
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We calculate the diagnosis score for and against the diseases St, and St, from equations (9) and (10) we have

mf 81 .9
Sty = p| 9 8 .7
s\ T 7T 9

P1 8 .8
ST2 = po 77
8

N o

ps \ .7 .

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

ST, — S, |dv d2  ds
D1 0o 2 1
p2 2 1 -1
p3 0o —1 .2

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

Figure 1:

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

Anthracnose (d;) (Figure 1-b) and Guava (ps3) is affected by disease rust (ds) (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 = [Ar, Au]. Geometric mean of an IVFM A = geometric mean of Ar and Ay denoted as GM(A)
is defined as GM(A) = VAL Ay = (AL.AU)l/2 1s the fuzzy matriz.

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(Rz) and GM(Q) for the matrices R1 = [Rir, Riv]),
Ry = [Rar, Rov] and Q = [Qr, Qu]. By using definition (12)

GM(R:) = Voiz-g10 (12)

w
©
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GM (R2) = \/g21-920 (13)
GM(Q) = v/Qr.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

Ty = GM(Q).GM(R;) (15)
Ty = GM(Q).GM (Rs) (16)
Ts = GM(Q).(J — GM(Ry)) (17)
Ty = 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 S, and St,

for and against the disease respectively.

Sty = max [Ty (pi, d;) , Ta (pi,d;)] V i=1,2,3 and j=1,2,3 (19)
ij
St, = max [Tz (pi, d;) , T (pi,dy)] ¥V i=1,2,3 and j=1,2,3 (20)
ij
Now if
max [S7y (pi> dj) , — STy (is dj)] (21)

occurs for exactly (ps, di) only, then we conclude that the acceptable diagnostic hypothesis for plants p; is the disease dj.

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

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

and Q.

e [ 12,5 16,.8] [3,.7)

es \ [.6,.8] [.3,.5] [.6,.7]

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

es \ [6,.8] [2,.3] [3,.7]

p [ [:3,.6] [4,.7 [.2,.8]
Q= p| [2,.9] [5,.8] [.3,.6]
ps \ [5,.9] [.2,.3] [.3,.4]

We shall calculate the geometric mean of symptom disease matriz gm(R1), geometric mean of non symptom disease matriz
gm(Rz2) and geometric mean of patient symptom matriz GM(Q) by using (12), (13) and (14) for the matrices R1, R2 and
Q respectively.
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GM(R;) =

GM(Rs) =

€1

€3

el

€3

P1

p2

p3

di  do
.32 .69
6 .22
.69 .39

dy  do
49 .39
.28 .59
69 .24

dy  do
42 .53
42 .63
67 .24

d3

.46
.67
.65

d3

.65
.79
.46

ds

4
42
.35

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

T = (GM(Q)) (GM(R1)) =

Ty = (GM(Q)) (GM(R2)) =

Ty = (GM(Q)) (J = GM(R1)) =

P1

p2

p3

p2

p3

Ty = (GM(Q)) (J = GM(Rz)) = 4,

Then by equations 4.8 and 4.9 we have

Sty = P2

p3

p3

dq do ds

dy

dy

42

.49

dy

42
42
.67

dy

.53
.63
b1

e e N

.53 .42 .53
.63 .42 .63
.51 .67 .46

da

42
42
.67

da

.53
42
.39

da

.53
.63
.35

da

42
42
.61

dg

.53
.63
.46

ds

.53
.63
.65

dg

42
42
.54

ds

42
.35

)
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di de dg
p [ 42 .53 .53
Sty = p,| .6 .63 .63
ps \ .67 .39 .65

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

Sr,—Sry, | di da  ds
»n 11 =11 0
P2 3 —-21 0
ps 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 (ps) is affected by the disease Powdery Mildew (dz), 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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