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 In the production process, quality checking is very important, one of which is 
on the wire. In the process of making brass-coated steel tire straps sometimes 
produce quality goods not in accordance with the desired standard values. 
Checks that are carried out manually have low efficiency and quite high errors 
occur. So it is necessary to check by measuring the wavelength on the brass 
plated steel cord automatically. In this study, used 3 automatic measurement 
methods using 2 evaluations, namely RMSE and cosine similarity. The results 
showed the best measurement using RMSE with method 2. Whereas the worst 
method uses RMSE with method 1. The smallest RMSE value is 0.0098 and 

the largest RMSE is 0.0966. The lowest cosine similarity value is 0.1253, while 
the highest cosine similarity value is 0.2079. 
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1. INTRODUCTION  

Steel cord for tires has an important role in driving safety such as aircraft, trucks, buses or other 

vehicles [1]. Steel cords have weaknesses in their specific strengths, but have a high rigidity modulus and 

excellent thermal conductivity [2]. The low number of brass coatings has very good susceptibility to moisture 

and thermal aging [3]. The quality of steel cord for tires affects the stability and durability of the vehicle in 

steel radial tires. If the quality of the steel cord for tires is defective, it will endanger the user. In addition, 

quality control will automatically help companies produce good products [4]. In a wire industry itself there is 

a quality control section, where in this section the task is to check and measure a quality and determine 

whether it is marketable or not. Quality control needs to be done because brass steel cables are very prone to 

damage. Damage can occur due to repeated bending and tensile stresses during cutting, surface scratches, 
center segregation and inclusions [2]. In the process of checking and measuring this is done manually where 

the process uses human labor. In the quality control section is carried out by 3 shifts in 24 hours, which 

means 8 hours per person alternately. For this we need an automatic measuring system that can evaluate to 

determine a quality. Quality can be determined by measuring the wavelength. Brass steel cord produced by 

Bekaert Indonesia company has standard of waveamount in range 0.33-0.47. And in this design system can 

simplify and lighten the work in the part of quality control. 

https://creativecommons.org/licenses/by-sa/4.0/
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These steel cord for tires are used in large truck tire parts, high pressure hydraulic hoses and heavy 

duty conveyor belts [5]. Therefore, quality control on steel cord for tires is important. Several studies have 

developed wire quality in various ways such as increasing coil quality factor [6], increasing wire strength but 

with smaller diameters [2], reducing interface adhesion factor [5], increasing conductivity, corrosion 

resistance and tensile strength [7]. Measurements on brass steel cord still require officer's monitoring process 

if using conventional measurements [8-10]. Recently, detection of wire defects in some parts of the wire such 

as spring-wire [11], copper wire micro-crack weld [12], wired networks [13], amorphous wire [14].  

In this research, the way to control the quality is done by measuring the wavelength. This needs to 
be done to find out more precise measurements. The selection of image features and the similarity method 

accordingly become factors that influence the final result of taking an image [15]. The measurement of 

similarity of brass plated tire steel cord edge using the dice algorithm shows the results of 99% similarity in 

29 samples by comparing image acquisition data and ground truth data [9, 10]. In measuring the number of 

waves of brass plated tire steel cord edge using local minima and maxima with three approaches to the 

number of waves method, the average measurement can be recognized as the level of accuracy and precision 

with the company's standard measurement values [8]. In measuring the diameter of brass palted steel cords 

using a vertical distance and sliding windows, there is an average difference of 0.0037 mm. The Minimum 

sliding window method has a different value of about 0.0026 mm. The third method uses the Average sliding 

window of about 0.0023mm. Quality control using the waveamount standard with the measured waveamount 

of brass steel cord can be done using RMSE and cosine similarity. Therefore the cosine similarity evaluation 

method is used. Cosine similarity is used to calculate the degree of similarity of brass-plated tire steel cords 
with models that are in accordance with standards. This cosine similarity calculates the cosine value between 

two vectors contained in a brass-plated tire steel cord [16]. It is effective for reducing the accumulation of 

errors [17]. Previously, the cosine similarity has applied for handwriting [18], texts [19-22], binary space 

[23], image [24], drift correction in gas sensor [25], an adversarial process [26]. As a comparison, the RMSE 

evaluation method is also used to resolve system errors [27]. As well as root mean square error (RMSE) is a 

calculation method that is often used in the error rate of the results of a prediction under study. Calculations 

that will be predicted usually produce a material consideration in a large evaluation. RMSE has been adapted 

in many recommendation systems [28], such as evaluating the model fit of diffusion [29], thin-film carbon 

Raman spectral data [30], mitigating wet bias of soil moisture ocean salinity [31], surface accuracy 

evaluation of large deployable mesh reflectors [32]. If the RMSE value is low, then the value of a prediction 

that will be generated in a model or design will be close to the value in the equation. For this reason, 
comparing a model or design often uses the root mean square error (RMSE) model. The purpose of this study 

is to make an accurate and detailed comparison of evaluation results on accurate and detailed measurements 

of the wave amount of brass-plated steel tire cords.  

 

 

2. RESEARCH METHOD  

In this research method has several stages of the scheme that must be done. Schematic of the 

research method as shown at Figure 1. 

 

 

 
 

Figure 1. Comparison of evaluation of wave amount measurement results in brass-plated tire steel cord 
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2.1.   Measurement 

Starting with using the system, which in this system has 3 different methods. And in the three 

methods will produce different values as well. Note that in all three methods using a system that measures 

gradually and in detail. Data is also measured manually, where in this manual measurement uses human 

resources in each measurement.  

In Figure 2 is the process of processing a data using Method I. With this method begins by using an 

input value in a data that has been prepared. Then proceed with finding a value (Wa). This Wave Amount 

value can be the maximum and minimum value in a data to be managed. Therefore, in a maximum point and 

minimum point a value will be known to produce an output or final value. In Figure 3 is the process of 

processing a data using Method II. With this method begins by using an input value in a data that has been 
prepared. After that it will look for a point value C1 where in C1 this is the value (x1 and y1). Then proceed 

to find the value of point C2. In C2 values this is the values (x2 and y2). Then proceed with finding a value 

(Wa). 

This wave amount value can be the maximum and minimum value in a data to be managed. 

Therefore, in a maximum point and minimum point a value will be known to produce an output or final 

value. After searching for a value in C2 then looking for a center line value. Where the center line value is 

known between the maximum and minimum points in a graph. Then proceed with finding a value (Wa). This 

Wave Amount value can be the maximum and minimum value in a data to be managed. Therefore, in a 

maximum point and minimum point a value will be known to produce an output or final value. The process 

of processing a data using Method III in Figure 4.  

 
 

 
 

Figure 2. Method I 

 

 

 
 

Figure 3. Method II 

 

 

 
 

Figure 4. Method III 

 

 

2.2.   Evaluation 

After manual measurements and system measurements, it will be evaluated using the root mean 

system error and cosine similarity methods. This evaluation will compare a result of manual measurement 

and system measurement. Root mean square error (RMSE) is a parameter that can be used to measure a 
prediction difference from a value using direct observation data. Concept in the value of root mean square 

error (RMSE) in the form of accuracy, the smaller the RMSE value, the higher the level of accuracy that is 

determined. In RMSE it is only to compare errors in observing a particular variable. But the level of 

calculation accuracy is more efficient and easily observed in one calculation. n samples of model errors 

calculated as (ei,i=1,2,…,n). RMSE calculations are formulated in the (1) [33]. 

 

𝑅𝑀𝑆𝐸 = √
1

𝑛
∑ 𝑒𝑖

2𝑛
𝑖=1  (1) 

 

Cosine similarity is a method of calculating cosine values that considers the degree between two 

vectors available in a model or design. In the calculation of this method there is no query process provided 
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directly by the user. For that also the level of accuracy is not doubted in comparing data or models. The 

cosine similarity is a method that has an offer between two objects. Cosine similarity calculated the similarity 

of features. The cosine distance formula between two n-dimensional vectors is in (2) [33]. 

 

 (2) 
 

Where q


and jd


 is object weight. q


and jd


 is object length. When the two vectors are in the 

same direction, the cosine angle value takes 1 as the maximum value, and the -1 will be taken as minimum 

cosine angle value when the directions of the two vectors are completely opposite. 

 

 

3. RESULTS AND ANALYSIS  
Figure 5 is the result of an evaluation using RMSE with method 1. These results are obtained by 

measuring the height of brass-plated tire steel cord using local minima. The number of tests using a brass 

plated tire steel image was 29. The lowest RMSE value on the 10th image with a value of 0.0159, while the 

highest RMSE value on the second image with a value of 0.0966. Next in Figure 6 is the result of measuring 

height brass plated tire steel using method 2. From the test results it appears that the lowest RMSE value on 

the 14th image test with a value of 0.0098, while the highest value on the 28th image is 0.0730. 

The results of brass-plated tire steel cord height measurements using method 3 are shown in Figure 

7. The evaluation used was using RMSE. The lowest RMSE value in image 14, while the highest RMSE 

value in image 13 is 0.0576. A comparison of the results of the RMSE evaluation with the three brass-plated 

tire steel cord measurement methods is shown in Figure 8. Solid line is the result of the measurement 

evaluation using method 1. For the star line is the result of the measurement using method 2. While the grid 
line is the measurement result of method 3. The evaluation results use variation 3 the measurement method 

shows different results. The lowest RMSE value is in the 14th image with a value of 0.0098. This shows that 

the best results when using the RMSE evaluation is method 3. 

 

 

 
 

Figure 5. The result of RMSE method 1 

 
 

 
 

Figure 6. The result of RMSE method 2 
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Figure 7. The result of RMSE method 3 

 

 

 
 

Figure 8. Comparison of evaluation RMSE 

 

 

Figure 9 is an experimental result of measuring brass-plated tire steel cord height using method 1 

with cosine similarity evaluation. The measurement experiment used brass-plated tire steel cord image data 

of 29. From the measurement results, the lowest cosine similarity value was seen in the 24th image data, 
while the highest cosine similarity value was in the 13th image. Likewise with method 2 shown in Figure 10 

and method 3 in Figure 11 shows the results are same, the lowest cosine similarity value in the 24th image 

data with a value of 0.1253 and the highest in the 13th image of 0.2079. 

Comparison of evaluation using cosine similarity in Figure 12. The results of the performance of the 

RMSE and cosine similarity with 3 variations of the methods can be seen in Table 1. From Table 1 it can be 

seen that using the RMSE method 3 has the lowest RMSE value with a value of 0.0098. In other words, the 

best brass-plated tire steel cord quality is in the 14th image. While the evaluation using cosine similarity with 

3 variations of methods shows the same results with the best brass-plated tire steel cord quality in the 13th 

image with a cosine value of 0.2079. Evaluations using RMSE and cosine similarity show different results. If 

seen from the best RMSE value is approaching 0 and the best cosine similarity value is approaching 1, then 

by looking at the difference of each value, it can be concluded that the best brass-plated tire steel cord is 
image 14. Also, it can be seen that by using 3 variations method, RMSE produces significant value 

differences. This means that RMSE has a large effect, while cosine similarity produces the same value from 3 

variations of measurement methods. Therefore, it can be concluded that the performance of RMSE is better 

than cosine similarity. And from this test the best evaluation using RMSE with method 3. 

 

 

Table 1. The performance of RMSE and cosine similarity with 3 variations of measurement methods 
Evaluation Measurement Method n-Image Value 

RMSE 1 10 0.0159 

 1 2 0.0966 

 2 14 0.0098 

 2 28 0.0730 

 3 14 0.0098 

 3 13 0.0576 

Cosine Similarity 1 24 0.1253 

 1 13 0.2079 

 2 24 0.1253 

 2 13 0.2079 

 3 24 0.1253 

 3 13 0.2079 
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Figure 9. Evaluation result using cosine similarity 1 

 

 

 
 

Figure 10. Evaluation result using cosine similarity 2 

 

 

 
 

Figure 11. Evaluation result using cosine similarity 3 

 

 

 
 

Figure 12. Comparison of evaluation using cosine similarity 
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4. CONCLUSION 

The results of the evaluation of the best wire height measurements using RMSE with method 2. 

Whereas the worst method uses RMSE with method 1. The smallest RMSE value is 0.0098 and the largest 

RMSE is 0.0966. For the evaluation of wire height measurements using cosine similarity with method 1, 

method 2 and method 3 with the same results. The lowest cosine similarity value is 0.1253, while the highest 

Cosine Similarity value is 0.2079. Of the two methods used are aimed at measurements that are similar to the 

results of manual measurements. 
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