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In this case, this rice plant disease is still in a mild stage, but many
farmers ignore it, so that a bigger and wider problem arises and it is too
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late to control. The purpose of this study is to assist rice farmers in
Rice Plants; identifying rice plant diseases, which will use the Tsukamoto fuzzy
Rice Plant Diseases; method and implement it into the system, so that farmers do not feel
Fuzzy Tsukamoto; overwhelmed again in identifying rice plant diseases. In general, Fuzzy
Identification. can be referred to as uncertain logic but its advantage is that it is capable

of the punishment process so that its design does not require complex
mathematical equations. There are various fields that can be used by
fuzzy logic, one of which is to identify rice plant diseases. The results of
this study were in the form of rice plant disease types based on visible
symptom characteristics and provided solutions to the treatment of
these rice plant diseases.
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1. Introduction

During the last few decades, rice plants are highly recognized as one of the strong sources of energy for
resource production. Rice plants are cultivated in five regions of the world, namely Asia, Africa, America,
Europe, and Oceania [1]. Rice is one of the most popular crops by the Indonesian state, because rice
contains a very high carbohydrate content, so that rice is used as a raw material for the feed and food
industry and as a staple food in several regions in Indonesia. Rice is crucial for humans, especially
Indonesians. Most of the Indonesian population works in the agricultural sector, generally rice [2]. Some
of the problems that attack rice plants that cause crop failure are the lack of knowledge of farmers in
dealing with rice pest problems including rat pests, stem borer pests, brown leafthoppers, green
leafthoppers, golden snail pests, fake white pests, ganjur pests [3].

Plant disease is one of the causes of decreased quality and quantity of agricultural products [4].
Diseases that attack the leaves of rice plants can reduce the amount of rice production [5]. During the
cultivation process, many rice plants are susceptible to disease and pest attacks, including: leaf blight,
tongguo grass, rice bursts, and dwarf grass[20]. In general, when rice plants are attacked by diseases
and pests, farmers use pesticides directly or by means of countermeasures which are sometimes not
suitable for diseases and pests that are infected by rice plants [6].

One of the diseases in rice plants is a disturbance in the leaves. The types of diseases on the leaves
of rice plants are very diverse, the types of diseases are well recognized by experts after the type of
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disease is identified, a solution can be given to overcome it [16][17]. However, the type of disease on the
leaves of the rice plant is sometimes not identified by ordinary people, so it will result in errors in
identifying the type of disease and its handling[18]. Even experts can make misidentification if they are
tired or in unsupportive conditions. To overcome this problem, identification with computer vision can
be done. Computer vision has been widely used in identifying plant disease types [5].

The method used to identify rice plant diseases is the Fuzzy Tsukamoto method because this method
has the accuracy to detect pests through digital images [7]. Themethod Fuzzy Tsukamoto consists of
three calculation steps: Fuzzification, Engine Inference, and Defuzzification [8]. Inmethod Tsukamoto's,
each rule takes the form of a causal or input-output relationship in which antecedents and consequences
must be related [9]. System concept Fuzzy can also be interpreted as an approximate reasoning.model
is Fuzzy based on inference composition rules, starting with the introduction ofideas and rules fuzzy
other [10]. Fuzzy logic is widely used because it tolerates incorrect or uncertain data [11]. The advantage
of the Tsukamoto method is that it is intuitive and can provide responses based on information that is
qualitative, inaccurate, and ambiguous [12]. Fuzzy set theory is used as a mathematical framework for
dealing with the problem of uncertainty, uncertainty or it can be used for information deficiency [15].

2. Research methods

In identifying rice plant diseases with Fuzzy, it takes stages of data processing that are formed in the
research methodology [19]. The research methodology to be applied is as follows:

1) Collection of Literature Studies,
is done by reading references from several books of rice plant experts, and collecting several
national computer informatics journals to find out rice plant studies that have been done by
previous researchers, so that they serve as a reference for the author.

2) Analysis
In analyzing this rice plant disease, a method is needed for data processing. The method used is
themethod Tsukamoto fuzzy. As for the symptoms that become the basic reference for the
knowledge base, obtained from references to expert system journals and rice plant books,
namely 34 symptoms with 9 rice plant diseases.

3) Design
Design is a phased process that focuses on the design of the system to be built including data
flow diagram design, database design, display or 1/0 design and devices [13].

4) Program Making
As for making programs using Microsoft Visual Basic 2008 programming language software
with mysql database.

5) Testing
Testing is done by trying a decision support system software application that has been made
[14].

3. Results and Discussion

3.1 Analysis of rice plant diseases with Fuzzy Tsukamoto
Case example of diagnosing rice plant disease is in terms of analyzing data processing using themethod
Tsukamoto. The categories of rice plant disease can be seen in the following table:

Table 1
Category Of Padi Disease
0 Name of Disease
Tungro
Dwarf Grass
Empty Dwarf
Blast
Brown Spot
Frond Blight
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No Name of Disease
7 Bacterial Blight
8 Orange Leaves
9 Yellow Dwarf

The stages in analyzing the diagnosis of rice plants are: method Tsukamoto's is as

follows:

1) Fuzzyfication of the degree of membership of the linguistic value of the input variable The

mathematical equation is as follows:

( 0; x<0

' 1; 0<x<b
plight(x) = %; b<x <c
0, x>c
0; x<1
) % a<x<c
umedium(x) =< ;-
ﬂ; c<x <e
e—c
0, x>e
( 0; x<c
X c<x<e
U high(x) = {e-c’ -
1 x>e
The graph of the degree of membership function can be seen in Figure as follows:
Ligh Medium High
0 1 3 3 7 9

Fig 1. Graph of Membership Degree Function

(1)

(2)

(3)

There is an inference process, there are rules to control input in the form of linguistic variables.
The inference method used in this study uses the max-min inferencing method.
2) The first rule base for Knowledge of Rice Disease Symptoms.
The first rules bases table of knowledge to diagnose rice plant disease using the IF rules
Symptoms of THEN Disease name can be seen in the table category of rice disease
knowledge rule base as follows:

Table 2.
Category Of Rice Disease Knowledge Rule Base

No - Symptoms

1 IF  Dwarf plants THEN
2 IF  Tillers are reduced / a little THEN
3 IF  The leaves turn yellow to orange from shoot to base THEN
4 IF  Young leaves look like mottles THEN
5 IF  0ld leaves like brown spots from prickling THEN
6 IF Brown spots THEN
7 IF The leaves are short and narrow THEN
8 IF The leaves are pale green / yellowish in color THEN
9 IF  The spots attack the leaves THEN
10 IF  Grow upright THEN

Disease

Tungro
Tungro
Tungro
Tungro
Tungro
Dwarf Grass
Dwarf Grass
Dwarf Grass
Dwarf Grass
Dwarf Grass
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No - Symptoms - Disease

11 IF  Leaves circular like twisted THEN  Empty Dwarf
12 IF  The edges of the leaf blade are serrated THEN  Empty Dwarf
13 IF  Flagleaves are torn / wavy - waves along the vessels THEN  Empty Dwarf
14 IF  Theleavesare dark green THEN  Empty Dwarf
15 IF  The resulting grain is empty / empty THEN  Empty Dwarf
16 IF  Pannelout THEN  Empty Dwarf
17 IF  Patches are oval or elliptical THEN  Blast

18 IF  The spots attack the leaves THEN  Blast

19 IF  Gray / whitish spots THEN  Blast

20 IF  The spots are circled in brown / red-brown color THEN  Blast

21 IF  The base of the neck is grayish brown in color THEN  Blast

22 IF  The area near the panicle neck is brown THEN  Blast

23 IF  Black / brown spots on grain skin THEN  Brown Spot

24 IF  Spoton the lower leaf midrib THEN  Frond Blight
25 IF  Patches are gray-green / grayish green THEN  Frond Blight
26 IF  The edge of the wound leaves is a line of wet spots THEN  Bacterial Blight
27 IF  Leaves wrinkled and wilted like scalded THEN  Bacterial Blight
28 IF  Theleaves curl and dry up THEN  Bacterial Blight
29 IF  Leaves whitish gray THEN  Bacterial Blight
30 IF  Normal old leaves, young leaves pale chlorosis THEN  Bacterial Blight
31 IF  Orange leaves THEN  Orange Leaves
32 IF  Fewer plant roots THEN  Orange Leaves
33 IF  The leaves are pale green or pale yellow THEN  Yellow Dwarf
34 IF  The sapling grows limp THEN  Yellow Dwarf

3) Inputvalues of membership degrees
As for fuzzy reasoning Linguistics that are described numerically can be seen in the
table as follows:

Table 3
Linguistic Fuzzy Reasoning
Linguistic Fuzzy Reasoning Numeric value

Symptoms of the disease are few

There are very few visible symptoms of the disease

There are very few visible symptoms of the disease

Symptoms of the disease appear moderate

Symptoms of the disease appear moderate

The symptoms of the disease are very moderate

Symptoms of the disease look a little high

Symptoms of the disease appear high

Symptoms of the disease appear very high

Symptoms of the disease are very high

Z
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As for the input of data on rice plant disease symptoms experienced by a farmer, input with
fuzzy linguistic reasoning which is described numerically, for example, it can be seen in the table as

follows:
Table 4
Input Data Of Symptoms Of Rice Plant Disease
Code Symptoms Score
GO1 Dwarf plants 7
G02 Tillers are reduced / a little 6
GO03 The leaves turn yellow to orange from shoot to base 7
G04 Young leaves look like mottles 6
GO5 0ld leaves like brown spots from prickling 7
G06 Brown spots 8
G07 The leaves are short and narrow 3
GO08 The leaves are pale green / yellowish in color 5
G09 The spots attack the leaves 6
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Code Symptoms Score
G10 Grow upright 2
G11 Leaves circular like twisted 5
G12 The edges of the leaf blade are serrated 1
G13 Flag leaves are torn / wavy - waves along the vessels 6
G14 The leaves are dark green 7
G15 The resulting grain is empty / empty 8
G16 Pannel out 6
G17 Patches are oval or elliptical 5
G18 The spots attack the leaves 3
G19 Gray / whitish spots 4
G20 The spots are circled in brown / red-brown color 6
G21 The base of the neck is grayish brown in color 5
G22 The area near the panicle neck is brown 8
G23 Black / brown spots on grain skin 4
G24 Spot on the lower leaf midrib 7
G25 Patches are gray-green / grayish green 1
G26 The edge of the wound leaves is a line of wet spots 2
G27 Leaves wrinkled and wilted like scalded 4
G28 The leaves curl and dry up 3
G29 Leaves whitish gray 5
G30 Normal old leaves, young leaves pale chlorosis 6
G31 Orange leaves 5
G32 Fewer plant roots 7
G33 The leaves are pale green or pale yellow 6
G34 The sapling grows limp 3

The calculation method for finding the value of Miu (u) for each symptom experienced by
farmers is as follows:
1) GO1 Dwarf plants =7

0; x<0
. 1; 0<x<3
HUGhG) =1 82 5oy <

0; x>5

0; x<1
X 1<x<5
U Medium (x) = g:

9—x
uHigh(x) ={9-5’ 5<x=9

uligh(x) = (5-x)/2=(5-7)/2=0
umedium(x) = (9-x)/4=(9-7)/4=0,5
w high(x) = (9-x)/4=(9-7)/4=0,5

The computation result p (miu) for each symptom can be seen in the table as follows:

Table 5
Computation Result p (MIU) For Every Symptom
Symptoms Input u Light (x) p Medium (x) u High (x)
GO1 7 0 0,5 0,5
GO02 6 0 0,75 0,75
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Symptoms Input u Light (x) p Medium (x) u High (x)
GO03 7 0 , ,
G04 6 0 0,75 0,75
GO5 7 0 0,5 0,5
G06 8 0 0,25 0,25
GO7 3 0,5 0,25 0
G08 5 0 0 0
G09 6 0 0,75 0,75
G10 2 1 0,75 0
G11 5 0 0 0
G12 1 1 0 0
G13 6 0 0,75 0,75
G14 7 0 0,5 0,5
G15 8 0 0,25 0,25
G16 6 0 0,75 0,75
G17 5 0 0 0
G18 3 0,5 0,25 0
G19 4 0,5 0,25 0
G20 6 0 0,75 0,75
G21 5 0 0 0
G22 8 0 0,25 0,25
G23 4 0,5 0,25 0
G24 7 0 0,5 0,5
G25 1 1 0 0
G26 2 1 0,75 0
G27 4 0,5 0,25 0
G28 3 0,5 0,25 0
G29 5 0 0 0
G30 6 0 0,75 0,75
G31 5 0 0 0
G32 7 0 0,5 0,5
G33 6 0 0,75 0,75
G34 3 0,5 0,25 0

4) Formation of Rules
Based on the results of the calculation miu (i) can be adjusted to Therules basesthat have been
combined into a system inference engine can be seen in the following table:

Table 6
Knowledge Base For Inference Machines
No Disease Knowledge Base
1 Tungro IF GO1 = LOW. G0O2 = LOW. GO3 = LOW. G04 = LOW. GO5 = HIGH THEN TUNGRO
2 Tunero IF GO1 = LOW. G02 = MEDIUM. GO3 = MEDIUM. G04 = MEDIUM. GO5 = HIGH THEN
g TUNGRO
3 Tuner IF GO1 = MEDIUM. GO2 = MEDIUM. G03 = HIGH. GO4 = HIGH. GO5 = HIGH THEN
ungro TUNGRO
4 Tuner IF GO1 = MEDIUM. GO2 = HIGH. GO3 = HIGH. G04 = HIGH. GO5 = HIGH THEN
ungro TUNGRO
5 Tungro IF GO1 = HIGH. GO2 = HIGH. GO3 = HIGH. GO4 = HIGH. GO5 = HIGH THEN TUNGRO
6 Dwarf Grass IF G0O6 = LOW. GO7 = LOW. G08 = LOW. G09 = LOW. G10 = HIGH THEN Dwarf Grass
7 IF GO6 = LOW. GO7 = MEDIUM. GO8 = MEDIUM. G09 = MEDIUM. G10 = HIGH THEN
Dwarf Grass
Dwarf Grass
8 IF GO6 = MEDIUM. GO7 = MEDIUM. GO8 = HIGH. G09 = HIGH. G10 = HIGH THEN
Dwarf Grass
Dwarf Grass
9 IF GO6 = MEDIUM. GO7 = HIGH. GO8 = HIGH. G09 = HIGH. G10 = HIGH THEN Dwarf
Dwarf Grass Grass
10 IF GO6 = HIGH. GO7 = HIGH. GO8 = HIGH. G09 = HIGH. G10 = HIGH THEN Dwarf
Dwarf Grass Grass
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No Disease Knowledge Base
11 hollow dwarf IF G11 =LOW. G12 = LOW. G13 = LOW. G14 = LOW. G15 = LOW. G16 = HIGH
THEN Dwarf HAMPA
12 hollow dwarf IF G11 =LOW. G12 = LOW. G13 = LOW. G14 = MEDIUM. G15 = MEDIUM. G16 =
HIGH THEN Dwarf HAMPA
13 hollow dwarf IF G11 = LOW. G12 = LOW. G13 = MEDIUM. G14 = MEDIUM. G15 = HIGH. G16 =
HIGH THEN Dwarf HAMPA
14 hollow dwarf IF G11 = MEDIUM. G12 = MEDIUM. G13 = MEDIUM. G14 = MEDIUM. G15 = HIGH.
G16 = HIGH THEN Dwarf HAMPA
15 hollow dwarf IF G11 = MEDIUM. G12 = MEDIUM. G13 = HIGH. G14 = HIGH. G15 = HIGH. G16 =
HIGH THEN Dwarf HAMPA
16 hollow dwarf IF G11 = HIGH. G12 = HIGH. G13 = HIGH. G14 = HIGH. G15 = HIGH. G16 = HIGH
THEN Dwarf HAMPA
17 Blast IF G17 = LOW. G18 = LOW. G19 = LOW. G20 = LOW. G21 = LOW. G22 = HIGH
THEN BLAST
18 Blast IF G17 = LOW. G18 = LOW. G19 = LOW. G20 = MEDIUM. G21 = MEDIUM. G22 =
HIGH THEN BLAST
19 Blast IF G17 = LOW. G18 = LOW. G19 = MEDIUM. G20 = MEDIUM. G21 = HIGH. G22 =
HIGH THEN BLAST
20 Blast IF G17 = MEDIUM. G18 = MEDIUM. G19 = MEDIUM. G20 = MEDIUM. G21 = HIGH.
G22 = HIGH THEN BLAST
21 Blast IF G17 = MEDIUM. G18 = MEDIUM. G19 = HIGH. G20 = HIGH. G21 = HIGH. G22 =
HIGH THEN BLAST
22 Blast IF G17 = HIGH. G18 = HIGH. G19 = HIGH. G20 = HIGH. G21 = HIGH. G22 = HIGH
THEN BLAST
23 Brown Spot IF G23 = LOW THEN SPOTS BROWN
24 Frond Blight IF G24 = LOW. G25 = HIGH THEN FRESH BREAD
25  Frond Blight IF G24 = HIGH. G25 = HIGH THEN FRESH BREAD
26  Bacterial IF G26 = LOW. G27 = LOW. G28 = LOW. G29 = LOW. G30 = HIGH THEN Bacterial
Blight Blight
27  Bacterial IF G26 = LOW. G27 = MEDIUM. G28 = MEDIUM. G29 = MEDIUM. G30 = HIGH
Blight THEN Bacterial Blight
28  Bacterial IF G26 = MEDIUM. G27 = MEDIUM. G28 = HIGH. G29 = HIGH. G30 = HIGH THEN
Blight Bacterial Blight
29  Bacterial IF G26 = MEDIUM. G27 = HIGH. G28 = HIGH. G29 = HIGH. G30 = HIGH THEN
Blight Bacterial Blight
30  Bacterial IF G26 = HIGH. G27 = HIGH. G28 = HIGH. G29 = HIGH. G30 = HIGH THEN Bacterial
Blight Blight
31 Orange IF G31 = LOW. G32 = HIGH THEN Orange Leaves
Leaves
32  Orange IF G31 = HIGH. G32 = HIGH THEN Orange Leaves
Leaves
33  Yellow Dwarf  IF G33 = LOW. G34 = HIGH THEN Yellow Dwarf
34  Yellow Dwarf  IF G33 = HIGH. G34 = HIGH THEN Yellow Dwarf

The process of Defuzification inference engine is in accordance with the knowledge base rules
above using the formula and the computation is as follows:
To calculate each z use the formula:

TUNGRO

5-2z,
2

=x —every predicate

Xy Zg Xy Zy o A Xy Ziy
0<1+ 0<2+ "'+0<m

[R1] IF GO1 = LIGH . GO2 = LIGH. G03= LIGH. G04= LIGH. G05=High then TUNGRO.
a - Predikat = pics N pignN puicH N pLicH N L HIGH
= min (pLicu[0], nuicn[0], pwien [0], puien[0],
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unicri[0,5]

=min(0;0;0;0;0.5)

=0
(5-z)/2=0
-z=0-5
z=5
The defuzzification process is to convert the fuzzy output obtained from the inference engine
into a firm value using the appropriate membership function when fuzzyfication is performed.

b) TUNGRO
Calculating the TUNGRO defuzzification is as follows
0x5+0x5+05x45+ 0,5x4,5+ 0,5x4,5

Z= 0+0+05+05+05
0 40+ 225+ 2.25 + 2.25
7 =
15
z=4,5

c) GRASS GRASS
Calculating the defuzzification of GRASS GRASS is as follows
_0x54+0x5+0x5+ 0x5+ 0x5

z 0+0+0+0+0
z = NaN
d) VOID DWARF
Calculating the defuzzification of Void DWAREF is as follows
0x5+0x5+0x5+ 0x5+ 0x5

d 0+04+0+0+0
z = NaN
e) BLAST

Calculating the BLAST defuzzification is as follows
_0x5+0x54+0x5+ 0x5+ 0x5+0x5

0+0+0+0+0+0

V4

z = NaN
f) CHOCOLATE SPOTS
Calculating CHOCOLATE SPOT defuzzification is as follows:

_ 0,5x4,5
=705
z=4,5

g) BREEDING FRESH
Calculating the FRUIT BEAUTIFUL defuzzification is as follows
0x5+0x5+0x5+0x5+ 0x5
z 0+0+0+0+0
z = NaN
h) BACTERIA BACTERIA
Calculating the defuzzification of BACTERIA BACTERIA is as follows
0x5+0x5+0x5+ 0x5+ 0x5

Z= 0+0+0+0+0

Z=4,625
i) ALSO LEAVES
Calculating the defuzzification of ALSO LEAVES foul is as follows

_0x5+0x5
=70+ o0
z = NaN

j) YELLOW Dwarf
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Calculating the yellow dwarf defuzzification is as follows

_0x5+0x5
2= 70+0
z = NaN

5) Results of Defuzification in Identifying Rice Plant Diseases
The defuzification results of the diagnosis of rice plant disease can be seen in the following table:

Table 7
Defuzzification Results From The Identification Of Rice Plant Diseases
Symptoms Input u Ligh(x) Mediim(x) u Highx) Disease Defuzifikasi
G01 7 0 0,5 0,5
G02 6 0 0,75 0,75
GO3 7 0 0,5 0,5 Tungro 4,5
G04 6 0 0,75 0,75
G05 7 0 0,5 0,5
G06 8 0 0,25 0,25
G07 3 0,5 0,25 0 Dwarf
G08 5 0 0 0 Grass NaN
G09 6 0 0,75 0,75
G10 2 1 0,75 0
G11 5 0 0 0
G12 1 1 0 0
G13 6 0 0,75 0,75 Dwarf
G14 7 0 0,5 0,5 Grass NaN
G15 8 0 0,25 0,25
G16 6 0 0,75 0,75
G17 5 0 0 0
G18 3 0,5 0,25 0
G19 4 0,5 0,25 0
G20 6 0 0,75 0,75 Blast NaN
G21 5 0 0 0
G22 8 0 0,25 0,25
G23 4 0,5 0,25 0 Spotting Chocolate 4,5
G24 7 0 0,5 0,5 Blight NaN
G25 1 1 0 0 Midrib
G26 2 1 0,75 0
G27 4 0,5 0,25 0 .
628 3 1 0,5 0 Bglcltge};tia 4,625
G29 5 0 0 0
G30 6 0 0,75 0,75
G31 5 0 0 0 Leaf NaN
G32 7 0 0,5 0,5 Orange
G33 6 0 0,75 0,75 Little NaN
G34 3 0,5 0,25 0 Yellow

Information NaN = infinite result
4. Conclusion

From the discussion above, the conclusions of this study can be drawn as follows: a). The degree of
membership in the symptoms of rice plant disease that appears is described linguistically to numerical
values with a value range between 1-10, the greater the input value, the higher the level. frequent
symptoms of the disease. b). The value of the equation for defuzification for each symptom uses the
LIGHT membership degree equation with equation (5 - x) / 2 to find the smallest risk of each diagnosis,
with a measured disease diagnosis level range between 3 to 5 values, the rest is NaN (infinity). c). The
results of the data that have been inputted are the results of the diagnosis of rice plant diseases, namely;

Accuracy in Identifying Rice Plant Diseases Using Method Fuzzy (Sri Handayani, at all)
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TUNGRO disease = 4,5, disease, grass stunt = NaN, empty dwarf = NaN, Blast = NaN, Brown spots = 4.5,
Frond Blight = NaN, Bacterial Blight = 4.625, Orange Leaves = NaN, Yellow Dwarf = NaN. The highest risk
level for diagnosing rice plant disease is the presence of leaf blight, tungro and brown spots.
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