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 The development of the motorcycle industry in Indonesia has developed 

quite significantly from year to year, the Central Statistics Agency noted that 

in 2019 the number of motorcycle sales reached 106,657,952 units, and the 

Indonesian motorcycle industry association (AISI) in 2020 the type of 
scooter (matic) of 2,696,557 units or 87.9%, this automatic type of 

motorbike is the largest contributor to two-wheeled vehicles and is the 

favorite type of vehicle for Indonesians. Automatic transmission or what is 

known as continuous variable transmission (CVT), is an automatic speed 
transfer system according to engine speed using a V-belt. In previous 

research, the use of internet of things (IoT) is used as an automatic air 

quality monitoring control system, air quality conditions can be seen quickly 

and accurately from the monitor. The goal of this study is to use a vibration 
sensor and the case-based reasoning (CBR) method to solve damage to matic 

motor components. The results of this study are: i) the case average value is 

0.76, ii) the CVT component parameter is 80% the average value is 0.94, 

and iii) the CVT component weight parameter is from 60% the average 
value is 1.26. 
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1. INTRODUCTION 

The primary goal of transmission detection on automatic motors is to ensure the safety and 

efficiency of users when riding their motorcycles. Sharp objects can cause damage to V-belts, which are 

readily torn, and such damage is difficult to detect in a timely manner. These issues have the potential to 

cause a significant crash in a short period of time. Therefore, the automatic motorcycle transmission damage 

detection system using internet of things (IoT) based expert system is very important and can be used by 

people as a reference or motorcycle repair shop to detect it early and in detail. Most existing systems only 

apply images to identify one type of damage and are less accurate and valid. 

Transmission is a component that functions to transfer power from the engine to the wheels by 

setting torque or momentum according to several conditions. if simplified this transmission becomes a 

supplier of engine power. The automatic motorcycle transmission has many components and is interrelated, 

its function is to connect the engine and the rear wheels using a belt [1]. Every component of an automatic 

motorcycle transmission has a lifetime due to the distance traveled, if it is worn or needs to be replaced. Just 

like other components, automatic motorcycle transmissions also cause symptoms before they are completely 

damaged. To find out the damage to the transmission component of an automatic motorcycle, it must be 
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checked by an expert or expert, namely a mechanic, so it takes a longer time and costs to check for symptoms 

on components that are considered damaged. 

In this study, the detection system uses an expert system based on case-based reasoning (CBR) 

which is proposed based on visual objects, the use of sensors to detect symptoms on the V-belt of an 

automatic motorcycle, the process used is to calculate the sensor emitted to the object on the V-belt and send 

it to the V-belt. decision-making subsystem through the data transmission subsystem on the microcontroller. 

With the development of increasingly advanced technology, information technology has become an 

important part in various fields of life, therefore technology can also be used in the automotive sector to 

obtain information about the symptoms of motorcycle damage, especially the symptoms of automatic 

motorcycle damage, some symptoms of automatic transmission damage often occur. on the vibrations that 

can be felt. Internet of things or what is called IoT is a concept that has the ability to transfer data over a 

network without requiring human-to-human or human-to-computer interaction [2]. 

In a prior study, the connected components of a multi-class support vector machine (SVM) detection 

system based on visual saliency of damage were retrieved and placed x using an adjustable threshold. Using a 

multi-class SVM model, gray values were immediately selected as crucial values and utilized to detect the 

location and type of damage. The system reacts to the output in real-time. While the detection accuracy for 

all types of damage is improved, it still falls short of 100%. Even in difficult environments, the detection 

accuracy is 99.11%, and the defect can be reported, stopped, and attended to in a timely manner to protect the 

safety of the people and equipment involved. The purpose of using the internet of things (IoT) is to connect 

hardware and software equipment that is integrated to the internet between micro-devices embedded in 

certain devices and as an alternative for detection of faults in general and integrated with other supporting 

equipment [3], [4]. 

 

 

2. RESEARCH METHOD 

Detection is a process to examine or examine something by using certain methods and techniques. 

Detection can be used for various problems, for example in the detection system of an automatic transmission 

malfunction, where the system identifies problems related to an automatic transmission which are commonly 

called symptoms or damage. The purpose of detection is to solve a problem in various ways depending on the 

method applied so as to produce a solution [5]. CBR is a problem-solving method that emphasizes the value 

of previous experience in resolving future issues. It has been quite successful in a variety of problem-solving 

activities and sectors. After a brief overview of CBR's conventional problem-solving cycle, we discuss the 

cognitive science foundations of CBR and its relation to analogical reasoning. We then go over a selection of 

retrieval, reuse, revision, and retention research from the last few decades [6].  

 

2.1. Case-based reasoning (CBR) 

Case-based reasoning (CBR) is a knowledge-based problem-solving strategy for analyzing and 

solving problems based on previous experiences, also known as case-based reasoning [7], as in Figure 1. 

CBR is a concept of artificial intelligence (AI) is a new approach and the theory has been employed in some 

subsequent studies intelligent dynamic spectrum resource management, which is based on massive amounts 

of sensing data from industrial IoT in the space-time and frequency domains employs optimization 

algorithm-based decisions to reduce interference levels in areas like energy consumption, power control, idle 

channel allocation, time slot allocation, and spectrum handoff. In this scenario, data mining and case-based 

reasoning are used to assess incumbent users' activity patterns utilizing enormous volumes of sensing data 

from industrial IoT and enable quick resource allocation using case database sorted by case [8].  

The actions that can be followed in this retrieve process to bring back the same or comparable cases 

with fresh cases that have just been encountered are problem identification, start matching, and selection [9]. 

In this reuse procedure, the system will search the database for problems by identifying new problems, and 

then it will reuse knowledge from previous problems that have comparable characteristics to solve new 

problems. The reuse procedure is based on two factors first, the difference between the prior and current 

cases, and second, the portion of the old case that has been obtained will be sent as a new case [10].  

A review of the solutions that have been gained on the topic will be carried out or improved during 

this review procedure. The major responsibilities of this revision stage are to re-evaluate the solutions 

obtained during the raising phase. If it is successful, it will advance to the next step, which is the retention 

procedure. If not, the system will use a specific area of expertise to further refine the case solution gained via 

the retention procedure [11]. They keep step is the last in the CBR system, and it involves the system saving 

new problems and then entering them into the knowledge base, where they will be utilized to solve future 

problems [12]. The similarity is a concept of similarity that is used for existing problems that are not exactly 

the same as the problems in the past cases, the formula for calculating Similarity uses the formula (1) and (2). 
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𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 (𝐴, 𝐵) =
1

∑𝑤𝑖
. ∑ 𝑤𝑖 .

𝑝
𝑖=1 𝑠𝑖𝑚𝑖(𝑎. 𝑏) (1) 

 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 (𝑝, 𝑞) =
∑𝑖=1 𝑓(𝑝𝑖,𝑞𝑖)𝑋𝑤𝑖

𝑛

𝑤𝑖
  (2) 

 

where: A: is the new case, B: is preview cases, a: is the new feature from local similarity, b: is previews 

feature from local similarity, p: is the number of attributes, q: is the case in storage, f: is similarity attribute 

function, wi: is weight of attributes, simi  attributes: is local Similarity calculate for attribute. 

 

 

 
 

Figure 1. Scheme of case-based reasoning 

 

 

2.2. Vibration sensor 

This vibration sensor, also known as a vibration sensor, is a test instrument or a measurement device 

that is used to count the number of frequencies in the vibration of a system, machine, or other equipment. 

This statistic can also be used to identify several flaws in a tool (that has been tested) and forecast future 

failures [13]. The tool’s working principle is as follows there is a case insulator in the acceleration probe that 

is in direct contact with the machine to be examined this case insulator acts as a transmitter, transmitting 

vibrations from the machine to the piezoelectric, causing the piezoelectric to experience a pressure 

proportional to the vibration received from the machine. The piezoelectric material will be  

impacted by mechanical vibrations that induce a force, causing the piezoelectric material to produce an 

electric charge [14]. 

However, because the piezoelectric generates such a little electric current, other tools are required to 

generate a conventional electric charge. Because the electric charge generated by the piezoelectric is so little, 

it is equipped with an electrical circuit/amplifier that can generate a charge, allowing the electric charge 

generated to be amplified. A vibration sensor is a tool that functions to detect vibrations and will be 

converted into an electrical signal. Vibration sensors have high sensitivity to vibration, and are used for the 

benefit of an experiment or will be used to anticipate if something goes wrong, the vibration sensor used is a 

type of vibration sensor 801 s [15].  

A microcontroller, also known as a micro chip unit (MCU) or a C, is an electrical component or 

integrated circuit (IC) with a variety of features and components, similar to a computer [16], [17]. The central 

processing unit (CPU) or centralized processing unit, code memory, data memory, and I/O (input and output 

ports) are all part of a single chip computer that may be used to manage the system; the microcontroller 

utilized is the type ESP8266 [16], [18]. 

 

2.3. Hardware design 

Designing a hardware system is to provide a general overview to the user about the newly designed 

hardware system, so that the user will be easy to learn in detail. The design or system design concentrates on 

how the system is built to meet the needs of the analysis phase [19], [20]. In this research, the design of a 

vibration detection system that utilizes the 801s series vibration sensor as input, the sensor sends a vibration 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Matic motorcycle transmission damage detection system using internet of things-based expert … (Suhadi) 

1021 

value signal to the continuous variable transmission (CVT), then is processed by the ESP8266 module which 

is configured with the Arduino IDE application software as a process, then from the configuration it will be 

sent using the IP adress which associated with the hotspot signal on the ESP8266 serial and the final result is 

the value that has been processed using the CBR method, which can be seen on the screen and smartphone as 

output, as in Figure 2. 
 

 

 
 

Figure 2. Automatic transmission process mechanism 

 

 

3. RESULTS AND DISCUSSION 

To predict whether the machine is damaged or not, the use of variables as old cases will then be 

calculated based on new cases consisting of case table model variables [21], cases on automatic equipment in 

Table 1. In Table 2, the weight of the equipment parameters is used as a reference to determine the 

assessment of the components (0.8) and the condition (0.6) of the components that have been used. 

 

 

Table 1. Cases on automatic equipment 
No. Component Condition Solution 

1 Roller CVT Thin Replace new 

2 Box roller  Dirty Component repaired 

3 Box roller  Thin Replace new 

4 Canvass CVT Dirty Component repaired 

5 Cup CVT Thin Replace new 

6 Cup CVT Dirty Component repaired 

7 Cup CVT Thin Replace new 

 

 

Table 2. Equipment parameter weights 
No. Equipment Paramater weights 

1 Componen 0.8 

2 Condition 0.6 

 

 

The variable weight value of the vibration component [22] in Table 3 is the value used for all 

components on the motor matic with reference to the values that have been set based on the previous analysis 

and the variables used are 28 types of examples, the range of values used is 0.4 to 1. Whereas in Table 4 it is 

used to assess the condition of the weighted components of each equipment referring to the strength of the 

components themselves [23], whether the components are thin with a value of 1 and dirty with a value of 0.5. 

To test and calculate the proximity of new cases, 10 trials have been carried out using the V-belt component 

as an object with the following results. 
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Table 3. Weight of the component's vibration value 
No. Value component 1 Value component 2 Proximity weights 

1 Roller CVT Roller CVT 1 

2 Canvass CVT Canvass CVT 1 

3 Cup roller  Cup roller  1 

4 Cup CVT Cup CVT 1 

5 Roller CVT Canvass CVT 0.8 

6 Roller CVT Cup  roller  0.6 

7 Roller CVT Cup CVT 0.4 

8 Canvass CVT Roller CVT 0.8 

9 Canvass CVT Cup roller  0.7 

… … … … 

28 Cup CVT Cup roller  0.8 

 

 

Table 4. Weighted component condition value 
No. Equipment Paramater weights 

1 Thin 1 

2 Dirty 1 

3 Thin 0.5 

4 Dirty 0.5 

 

 

3.1.  New proximity to number cases-1 

Variables: (a) Proximity component attribute weights (CVT roller with Canvass CVT)=0.8, (b) 

Component attribute weights=0.8, (c) Proximity condition weight (thin to thin)=1, and (d) Condition attribute 

weight=0.6. 
 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 =
((𝑎×𝑏)+(𝑐×𝑑))

𝑏+𝑑
  

=
((1×2)+(3×4))

2+4
  

=
((1×2)+(3×4))

2+4
  

=
((0.8×0.8)+(1×0.6))

0.8+0.6
  

=
0.64+0.6

1.4
=

1.24

1.4
  

= 0.888 (3) 

 

3.2.  New proximity to number cases-2 

Variables: (a) Proximity of vibration value attribute weight (CVT roller with roller cup)=0.6, (b) 

Weight attribute vibration value=0.8, (c) Proximity condition weight (gross to gross)=1, and (d) Condition 

attribute weight=0.6. 
 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 =
((𝑎×𝑏)+(𝑐×𝑑))

𝑏+𝑑
  

=
((0.6×0.8)+(1×0.6))

0.8+0.6
  

=
0.48+0.6

1.4
=

1.08

1.4
  

= 0.908 (4) 

 

3.3.  New proximity to number cases-10 

Variable: (a) Proximity of vibration value attribute weight (Canvass CVT with roller housing)=0.7, 

(b) Weight attribute vibration value=0.8, (c) Proximity condition weight (thin to gross)=0.5, and (d) 

Condition attribute weight=0.6. 

 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 =
((𝑎×𝑏)+(𝑐×𝑑))

𝑏+𝑑
  

=
((0.7×0.8)+(0.5×0.6))

0.8+0.6
  

=
0.56+0.3

1.4
=

0.88

1.4
  

= 0.614 (5) 

 

By testing the experiment 10 times, several criteria and values can be generated from the components and 

conditions as in Table 5. 
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Table 5. Test results of CVT equipment 

Cases Similarity score results 
Equipment parameter weights 

Solution 
Component (80%) Conditiaon (60%) 

X1 0.888 1.11 1.48 Replace new 

X2 0.908 1.14 1.51 Replace new 

X3 0.528 0.66 0.88 Component repaired 

X4 0.854 1.07 1.42 Replace new 

X5 0.988 1.24 1.65 Replace new 

X6 0.671 0.84 1.12 Component repaired 

X7 0.557 0.70 0.93 Component repaired 

X8 0.657 0.82 1.10 Component repaired 

X9 0.885 1.11 1.48 Replace new 

X10 0.614 0.77 1.02 Component repaired 

 

 

To find out the movement or similarity score result fluctuating based on the value of the CVT test 

results based on 10 trials, it can be seen in Figure 3. To find out the movement or ratio equipment parameter 

weight component and condition fluctuating based on the value of the CVT test results as shown Figure 4 

based on 10 trials, it can be seen in Figures 4(a) and (b). 

 

 

 
 

Figure 3. Fluctuation test results of CVT equipment trials  

 

 

 
(a)  

 
(b) 

 

Figure 4. Ratio equipment parameter wight fluctuation test results of CVT equipment trials based on  

(a) component and (b) conditions 

 

 

To find out the calculation of the error in the sensor against the object, it can be done by comparing 

it with a measuring instrument with a vibration sensor, it can be calculated based on (6): 

 

𝐸𝑟𝑟𝑜𝑟 =
x−y

y
𝑥 100% (6) 

where: 

x = Measurement by ultrasonic sensor (cm) 

y = Measurement by ruler (ruler) (cm) 

 

This means that the sensor can only work with a distance of at least 2 cm and a maximum of 30 cm. In 

general, the farther the distance measured, the smaller the error. The difference in the distance between the 
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test results and the actual distance can be caused by noise [24], the vibration sensor can read distances in 

multiples of 0.5 cm, the test results are as follows: 

 

Trials Test − 1  𝐸𝑟𝑟𝑜𝑟 =
2,00−1,50

1,50
𝑥 100% = 33,33% 

Trials Test − 2  𝐸𝑟𝑟𝑜𝑟 =
3,50−3,00

3,50
𝑥 100% = 16,66% 

Trials Test… 

Trials Test − 19  𝐸𝑟𝑟𝑜𝑟 =
29,00−28,50

28,50
𝑥 100% = 1,75% 

Trials Test − 20  𝐸𝑟𝑟𝑜𝑟 =
30,00−30,00

30,00
𝑥 100% = 0% 

 

The test is carried out to determine the value of the sensor error and the V-belt object [25], namely 

by attaching the sensor from the closest (2 cm) to the furthest (30 cm), the closer the sensor is to the test 

object, the more precise the error value is 33.33% and the lowest is 0%, the conclusion is the closer the object 

to the sensor the more accurate it is and the farther away the object from the sensor the less accurate it is, as 

shown in Table 6. 

 

 

Table 6. Recapitulation of error test trial results 
Trial test x (sensor) y (ruler)  y (ruler) Error result (x-y)/y*100 

1 2.00 1.50 1.50 33.33 

2 3.50 3.00 3.00 16.66 

3 5.00 4.50 4.50 11.11 

4 6.50 6.00 6.00 8.33 

5 8.00 7.50 7.50 6.66 

6 9.50 9.00 9.00 5.55 

7 11.00 10.50 10.50 4.76 

8 12.50 12.00 12.00 4.16 

9 14.00 13.50 13.50 3.70 

10 15.50 15.00 15.00 3.33 

11 17.00 16.50 16.50 3.03 

12 18.50 18.00 18.00 2.77 

13 20.00 19.50 19.50 2.56 

14 21.50 21.00 21.00 2.38 

15 23.00 22.50 22.50 2.22 

16 24.50 24.00 24.00 2.08 

17 26.00 25.50 25.50 1.96 

18 27.50 27.00 27.00 1.85 

19 29.00 28.50 28.50 1.75 

20 30.00 30.00 30.00 - 

 

 

4. CONCLUSION 

IoT technology has a very high potential to be implemented and integrated into sensor systems, and 

it is possible to detect certain parts of an automatic motor, namely a V-belt motor using a vibration sensor. 

The sensor reads various parameters to monitor information on the V-belt, the data and information are then 

sent to a laptop, smartphone, or cloud computing via wifi which is then used by mechanics for further 

analysis. Based on the trials conducted ten times, it can be concluded that: i) the average value of the 

similarity of cases is 0.76; ii) the calculated value of the CVT component parameter weight of 80% the 

average value is 0.94; and iii) calculate the weight parameter of the CVT component from 60% of the mean 

value of 1.26. The calculation solution for the CVT equipment from the experimental results are; i) cases X1, 

X2, X4, X5, and X9 new cases are CVT equipment must be replaced; and ii) cases X3, X6, X7, X8, and X10 

new cases are CVT equipment only repaired components. While the error for measurements between the V-

belt object and the closest sensor (2 cm) with a value of 33.33% and the farthest distance (30 cm) with a 

value of 0%, this indicates that the farther away the object from the sensor is, the less accurate it is. To 

analyze the suggested model, the findings demonstrate that it is still restricted to vibration sensors; however, 

in the future, multi sensors can be added to offer precision in the test, and the tools used will be more 

complicated, either from an integrated system or by comparing it using two techniques. 
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