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Abstract 
Farmers do not understand the various forms of banana plant illnesses. In addition, the inadequate guidance offered by 
agricultural instructors to banana farmers also leads to issues such as crop failure. Considering these issues requires an expert 
system capable of aiding farmers in identifying and diagnosing banana pests and diseases. The inference techniques implemented 
in constructing this expert system are forward chaining and certainty factor. The research process comprises the following phases: 
(1) acquisition of data; (2) forward chaining inference; (3) weighting of symptoms; and (4) development of expert systems. The 
banana’s pests and diseases expert system has yielded ten distinct diseases and pests, each characterized by 37 symptoms. Data 
processing employs forward chaining to generate decision trees and perform pruning to establish criteria for determining 
symptom statements. The combined certainty computation yields a percentage value of 97.25875968% with a significant 
confidence level. 
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1. Introduction 

Acquiring expertise in plant pathology is essential for 
obtaining comprehensive knowledge about various dis-
ease kinds and their corresponding remedies [1]. The 
abundance of farmers cultivating this plant is dispropor-
tionate to the availability of experts who can offer exper-
tise and remedies for the ailments afflicting it. The utili-
zation of artificial intelligence to detect plant diseases 
based on the plant's visual appearance and symptoms, 
which imitate human behavior, should be considered 
[2]–[4]. Expert system technology, a subdivision of Ar-
tificial Intelligence, is a computer-based system that 

emulates human thinking to solve problems [5], [6]. 
An expert system is a rule-based program that me-

thodically evaluates information on a given problem and 
is supposed to solve that problem by emulating the ex-
pertise of human experts [5], [7], [8]. A knowledge base 
was constructed to encompass information on ten spe-
cific diseases and pests that could potentially diminish 
the productivity of banana plants [9]. To mitigate losses 
caused by diseases and pests on banana plants, farmers 
must comprehensively understand the symptoms exhib-
ited by diseases and pests that target banana plants [10]. 
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Farmers face challenges identifying and treating dis-
eases affecting banana plants due to multiple diseases 
with similar symptoms [11]. This can enable farmers to 
encounter inaccuracies in disease diagnosis and faults in 
disease management [12]. 

Building a knowledge base and employing inference 
procedures for reasoning is necessary when constructing 
an expert system [9], [13]. The research employs the 
Forward chaining inference approach. Forward Chain-
ing is generating factual knowledge through forward 
reasoning [14]. This involves several stages, starting 
with creating a decision tree to draw conclusions and as-
sess the certainty factor of a diagnosis [15]. The decision 
tree produces simple rules as an implication relationship, 
where the premise is expressed with "IF" and the con-
clusion is expressed with "THEN" [16]. The Certainty 
Factor is a quantitative measure representing confidence 
in identifying diseases and pests in banana plants, ex-
pressed as a percentage [17]. Calculations involve two 
parameters: the certainty value (MB), determined by 

experts, and the uncertainty value (MD), given by the 
user [18]. To determine the confidence level in an illness, 
one can multiply the values of MB and MD and calculate 
the combined CF, which represents the percentage. 

This research aims to develop a website-based system 
for diagnosing pests and diseases in banana plants. The 
system utilizes forward chaining and certainty factor 
methods to provide accurate diagnoses. By implement-
ing this system, farmers will have an easier time identi-
fying diseases and pests on banana plants while mini-
mizing diagnostic errors. Consequently, farmers will be 
better equipped to effectively address the diseases affect-
ing their banana plants.  

2. Research Method 

The research stage involves explaining the steps in de-
signing the expert system. The process will begin with 
data collection, followed by interviews. The data col-
lected will then be processed using the forward chaining 
method and certainty factor. The research stages to be 
conducted are illustrated in Figure 1. 

 

 
Figure 1. Research stages 
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The data collection commenced by conducting inter-

views and gathering data on banana pests and diseases. 
Next is the data processing phase, comprising two pri-
mary techniques: Forward Chaining and Certainty Fac-
tor inference. Forward-chaining inference involves the 
creation of decision trees and rules [19]. In Certainty 
Factor inference, the weighting of symptoms is referred 
to as a weighting factor [17]. The outcomes of data pro-
cessing are subsequently utilized as a foundation for de-
veloping and evaluating expert systems. 

3. Results and Analysis 

The data collection process involved conducting 
interviews and thoroughly reviewing existing research 
articles. There are ten diseases and pests that specifically 
target banana plants. The manifestations of pests and 
diseases in banana plants can be observed as outlined in 
Table 1. 

 

Table 1. Banana pests and diseases 

Code Banana Pest and Disease 

P01 Sigatoka Fungal Disease 
P02 Cordana leaf spot 
P03 Crossed spot disease 
P04 Fusarium Wilt Disease 
P05 Blood Diseases 
P06 Banana dwarf 
P07 Anthracnose Disease 
P08 Aphids 
P09 Banana leaf roller pest 
P10 Fruit scab pest 

 
Each banana pest and disease listed has identifiable 
symptoms that can be recognized and diagnosed. Table 
2 below displays the symptoms of each pest and disease 
on banana plants. 
 

Table 2. Banana pest and disease symptoms 

Code Symptoms 
Banana Pest and Disease 

P01 P02 P03 P04 P05 P06 P07 P08 P09 P10 

G01 Blackish brown lines on the leaf blade. ✔          

G02 The elongated spots on the leaf blades are 2x20 mm 

in size. 

✔          

G03 Leaf spots enlarge in oval or elongated shape. ✔          

G04 The yellow circle on the edge of the spot. ✔   ✔   ✔    

G05 The yellow circle on the edge of the spot. ✔ ✔  ✔       

G06 Some leaves or entire leaves dry out and experience 

necrosis. 

✔       ✔   

G07 Fruit does not develop and ripens more quickly. ✔  ✔    ✔    

G08 Yellow to pale brown spots.  ✔  ✔       

G09 Spots with central circles of necrosis are gray or 

brownish-red. 

 ✔  ✔ ✔      

G10 Spots on the edges of the leaves and progress to-

wards the mother of the leaf veins. 

 ✔         

G11 The spots join, so the leaves turn yellow and dry.  ✔ ✔        

G12 Black spots with four corners so that they are cross-

shaped. 

  ✔        

G13 The spots extend in the direction of the leaf veins.   ✔        

G14 The spots spread randomly. ✔ ✔ ✔        

G15 Leaves dry out.   ✔ ✔    ✔   

G16 Leaves turn yellow.   ✔ ✔ ✔   ✔ ✔  

G17 The pseudostem splits or breaks.    ✔       
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Code Symptoms 
Banana Pest and Disease 

P01 P02 P03 P04 P05 P06 P07 P08 P09 P10 

G18 There are brown dots on the stem if cut crosswise 

or lengthwise. 

   ✔ ✔      

G19 There is necrosis on the tuber.    ✔       

G20 The heart rots and dries up.     ✔      

G21 Rotten flesh.     ✔  ✔    

G22 Rotten weevil.     ✔  ✔    

G23 Smells bad.    ✔ ✔ ✔     

G24 Leaves shrink.    ✔  ✔     

G25 Pale Leaves.      ✔     

G26 There are spots on the mother of the leaves.   ✔ ✔  ✔     

G27 Dwarf plant.      ✔     

G28 Plants grow miserable.      ✔     

G29 Slow growth.     ✔ ✔ ✔    

G30 The leaves are torn and curled.         ✔  

G31 Rolls of leaves dry out.         ✔  

G32 There are greenish-white caterpillars.         ✔ ✔ 

G33 There are small white spots on the leaves.         ✔ ✔ 

G34 Black spots on the fruit.          ✔ 

G35 There are dark brown sunken spots on the fruit.      ✔     

G36 There are orange to pink mushrooms.      ✔     

G37 There is white to reddish brown mucus.     ✔      

Following the completion of the data collection pro-
cedure, the subsequent step is data processing. The ac-
quired data will be processed using pre-established pro-
cesses. This study employs the forward chaining ap-
proach and certainty factor. The initial phase commences 
by employing the forward chaining technique to con-
struct a decision tree, which subsequently serves as the 
basis for generating rules [20]. 

Decision trees are a methodology used to establish 
criteria and aid in formulating conclusions and rules nec-
essary for determining certainty factors in detecting dis-
eases and pests in banana plants based on observable 

symptoms. During the subsequent phase, decision tree 
pruning is performed, involving the removal of superflu-
ous branches to enhance accuracy and generate concise 
rules. The decision tree utilized in this study is depicted 
in Figures 2 and 3. 

Establishing regulations derived from making Deci-
sions Tree pruning is a technique to guide or strategize 
tree growth. It involves an implied relationship, where 
the premise is represented using IF, and the conclusion 
is communicated using THEN. Table 3 displays the rules. 
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Figure 2. Decision tree 

 

 
Figure 3. Decision tree pruning 
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Table 3. Rule Definition  

Rule id Rule 

1 IF The spots spread randomly 

AND There is a yellow circle on the edge of the spot 

AND Leaf spots enlarge in oval or elongated shape 

THEN Sigatoka Fungal Disease 

2 IF The spots spread randomly 

AND There is a yellow circle on the edge of the spot 

AND Yellow to pale brown spots 

THEN Cordana leaf spot 

3 IF The spots spread randomly 

AND Fruit does not develop and ripens more quickly 

THEN Crossed spot disease 

4 IF Leaves dry out 

AND Yellow to pale brown spots 

THEN Fusarium Wilt Disease 

5 IF Leaves dry out 

AND Some leaves or entire leaves dry out and experience necrosis 

THEN Aphids 

6 IF Slow growth 

AND Leaves shrink 

THEN Banana dwarf 

7 IF Slow growth 

AND Rotten weevil 

AND Rotten flesh 

AND Leaf spots enlarge in oval or elongated shape 

THEN Anthracnose Disease 

8 IF Slow growth 

AND Rotten weevil 

AND Rotten flesh 

AND Spots with central circles of necrosis are gray or brownish-red 

THEN Blood Diseases 

9 IF Leaves turn yellow 

THEN Banana leaf roller pest 

10 IF There are greenish-white caterpillars 

THEN Fruit scab pest 

The certainty factor method is employed to determine 
the amount of certainty regarding banana plant diseases 
and pests. This calculation occurs after data processing, 
which involves forward chaining to create decision trees 
and rules. During the certainty factor calculation process, 
two parameters are utilized: the certainty value (MB), 
which experts decide, and the uncertainty value (MD), 
which the user supplies. In the subsequent phase, the CF 

and expert values have been ascertained. Subsequently, 
the expert CF (MB) value will be computed by 
multiplying the user's CF value (MD) with the expert's 
value [13]. The computation of this value may be 
observed in Table 4. 
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Table 4. Calculation of Expert CF and User CF Values  

Symptoms Code Symptoms Name Expert CF User CF Expert CF * User CF 

G15 Leaves dry out 0.6 0.3 0.18 

G8 Yellow to pale brown spots 1 0.6 0.6 

G9 Spots with central circles of necrosis are grey or 

brownish red 
1 0 0 

G16 Leaves turn yellow 1 0 0 

G17 The pseudostem splits or breaks 1 0.3 0.3 

G18 There are brown dots on the stem if cut crosswise or 

lengthwise 
0.8 0 0 

G19 There is necrosis on the tuber 1 0.3 0.3 

G23 Rotten weevil 0.8 0.6 0.48 

G24 Leaves shrink 1 0.6 0.6 

G26 There are spots on the mother of the bone leaves 1 0.3 0.3 

The subsequent phase involves aggregating the CF 
values of each rule by computing the aggregate CF using 
the provided equation. 
CF(H,E)G15,G08 = CFG15 + CFG08*(1 - CFG15) 
 = 0.18 + 0.6 * (1 - 0.18) 
 = 0.18 + (0.6 * 0.82) 
 = 0.18 + 0.492 
 = 0.672 
 
CF(H,E)sum1,G09 = CFsum1 + CFG09 * (1 - Fsum1) 
 = 0.672 + 0 * (1 - 0.672) 
 = 0,672 + (0* 0,328) 
 = 0,672 + 0 
 
CF(H,E)sum2,G16 = CFsum2 + CFG16 * (1 - CFsum2) 
 = 0,672 + 0 * (1 - 0,672) 
 = 0,672 + (0 * 0,328) 
 = 0,672 + 0 
 = 0,672 
 
CF(H,E)sum3,G17 = CFsum3 + CFG17 * (1 - CFsum3) 
 = 0,672 + 0,3 *(1 - 0,672) 
 = 0,672 + (0,3 * 0,328) 
 = 0,672 + 0,0984 
 = 0,7704 
 
CF(H,E)sum4, G18 = CFsum4 + CFG18 * (1 - CFsum4) 
 = 0,7704 + 0 * (1 - 0,7704) 
 = 0,7704 + (0 * 0,2296) 

 = 0,7704 + 0 
 = 0,7704 
 
CF(H,E)sum5,G19 = CFsum5 + CFG19 * (1 - CFsum5) 
 = 0,7704 + 0,18 * (1 - 0,7704) 
 = 0,7704 + (0,18 * 0,2296) 
 = 0,7704 + 0,041328 
 = 0,811728 
 
CF(H,E)sum6,G23 = CFsum6 + CFG23 * (1 - CFsum6) 
 = 0,811728 + 0,48 * (1 - 0,8117) 
 = 0,811728 + (0,48 * 0,188272) 
 = 0,811728 + 0,09037056 
 = 0,90209856 
 
CF(H,E)sum7,G24 = CFsum7 + CFG24 *(1 - CFsum7) 
 = 0,90209856 + 0,6 * (1 - 0,902) 
 = 0,90209856 + (0,6 * 0,09790) 
 = 0,90209856 + 0,058740864 
 = 0.960839424 
 
CF(H,E)sum8,G26 = CFsum8 + CFG26 * (1 - CFsum8) 
 = 0.960839 + 0,3 * (1 - 0.96084) 
 = 0.96083 + (0,3 * 0,03916057) 
 = 0.960839 + 0,01174817 
 = 0,9725875968 
 
Results Percentage = CFsum * 100% 
 = 0,9725875968 * 100% 
 = 97.25875968% 
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The symptom selection process indicates that manual 
calculations using the certainty factor approach for the 
case of fusarium wilt illness yielded a percentage result 
with a confidence level of 97.25875968%. The expert 
system utilizes the certainty factor approach to present 
the results of the fusarium wilt disease diagnosis in 

banana plants. By picking symptoms from disease 
samples, the system can display the diagnosis findings 
and the corresponding percentage level of the illness. 
The display of the expert system for diagnosing banana 
pests and diseases is presented in Figure 4. 
 

 

 
Figure 4. Display of the expert system for diagnosing banana pests and diseases 

 
System testing uses a black-box methodology to 

assess the system's functionality and performance. 
During the upcoming phase, system validation testing 
will be conducted to determine the effectiveness of 
implementing the forward chaining approach and 
certainty factor in the banana disease detection expert 
system. The test aimed to compare the diagnostic results 
obtained from manual calculations and calculations 
performed using the system. Both sets of calculations 
used identical input variables. The objective was to see 
if the system could deliver accurate disease diagnoses 
with a suitable level of confidence. Table 5 displays the 
Certainty Factor Implementation Test Results. 

 

Table 5. Certainty Factor Implementation Test Results 

No. Pests and Diseases Name CF Score 

1 Sigatoka Fungal Disease 88.8323% 

2 Cordana leaf spot 89.7139% 

3 Crossed spot disease 91.4112% 

4 Fusarium Wilt Disease 97.2588% 

5 Blood Diseases 99.3455% 

6 Banana dwarf 86.7504% 

7 Anthracnose Disease 88.9344% 

8 Aphids 86.6880% 

9 Banana leaf roller pest 87.7853% 

10 Fruit scab pest 72.0000% 
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4. Conclusion 

After extensive study and testing in this research, it 
can be determined that the expert system for identifying 
diseases and pests in banana plants has been effectively 
developed. The system encompasses 10 diseases and 
pests, each associated with 38 distinct symptoms. Data 
processing uses forward chaining to generate decision 
trees and perform pruning to establish criteria for evalu-
ating symptom assertions. In the subsequent phase, the 
certainty factor approach is employed, wherein the ex-
pert's input yields the MB weight value, while the user's 
input determines the MD weight value. Both experts and 
users will provide confidence in the weight value of each 
disease symptom using MD and MB characteristics. 
Next, calculate the aggregate CF, resulting in a confi-
dence level of 97.25875968%. 

Future research should prioritize trials on a broader 
range of banana plant illnesses to enable a more compre-
hensive diagnosis of banana plants. In addition, it is es-
sential to provide the system as an alternative platform 
with an interactive interface, facilitating the diagnostic 
process for farmers. 
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