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Table 1 Data Training
	Screwing Depth
	Screwing Torque
	Output Z

	8.348
	0.810
	47.000

	8.357
	0.810
	47.000

	8.359
	0.810
	47.000

	8.390
	0.820
	47.000

	8.443
	0.862
	47.100

	8.824
	0.980
	47.400

	8.859
	0.961
	47.400

	8.841
	0.962
	47.400

	8.843
	0.961
	47.400

	658 Data Entries
	
	


Table 2. Mininum and Maximum Normalization Results
	Variable
	Min (Before Normalization)
	Max (Before Normalization)
	Normalized Min
	Normalized Max

	Screwing Depth
	8.3403
	9.1101
	0
	1

	Screwing Torque
	0.81
	1.1301
	0
	1

	Z-axis
	47
	47.44
	0
	1



Table 3. Training Error Across 300 Epochs
	Epoch
	Training Error

	1
	0.0058

	5
	0.0048

	10
	0.0043

	20
	0.0040

	50
	0.0032

	100
	0.0028

	150
	0.0025

	200
	0.0023

	250
	0.0022

	300
	0.002161


Table 4. Comparison of Membership Functions Based on Training Error
	Method
	MSE
	RMSE
	MAE

	ANFIS (Gaussian MF)
	0.00000635
	0.00251917
	0.00072974

	ANFIS (Trapezoidal MF)
	0.00016425
	0.01281596
	0.00783211

	ANFIS (Triangular MF)
	0.00004669
	0.00683315
	0.00306896


Table 5. Comparison of Membership Functions Based on Training Error
	Method
	MSE
	RMSE
	MAE

	ANFIS (Gaussian MF)
	0.00000635
	0.00251917
	0.00072974

	Random Forest Regression (RFR)
	0.0000094408
	0.0030725937
	0.0004567183

	Support Vector Regression (SVR)
	0.00012430
	0.01114916
	0.00885937


Table 6 Wilcoxon Signed-Rank Test Results for ANFIS vs. Random Forest Regression
	Null hypothesis
	H₀: η = 0

	Alternative hypothesis
	H₁: η ≠ 0

	Sample
	N for Test
	Wilcoxon Statistic
	P-Value

	anfis
	658
	109557,00
	0,813

	random forest
	658
	284,00
	0,154


Table 7 Wilcoxon Signed-Rank Test Results for ANFIS vs. Support Vector Regression (SVR)
	Null hypothesis
	H₀: η = 0

	Alternative hypothesis
	H₁: η ≠ 0

	Sample
	N for Test
	Wilcoxon Statistic
	P-Value

	anfis
	658
	109557,00
	0,813

	svr
	658
	79003,00
	0,000


Table 8 Wilcoxon Signed-Rank Test Results for Random Forest Regression vs. Support Vector Regression (SVR)
	Null hypothesis
	H₀: η = 0

	Alternative hypothesis
	H₁: η ≠ 0

	Sample
	N for Test
	Wilcoxon Statistic
	P-Value

	random forest
	658
	284,00
	0,154

	svr
	658
	79003,00
	0,000


Table 9 Descriptive Statistics of Kruskal-Wallis Test for ANFIS, Random Forest Regression, and SVR
	Metode
	N
	Median
	Mean Rank
	Z-Value

	anfis
	658
	0,0000143
	1092,2
	5,77

	random_forest
	658
	-0,0000000
	1077,2
	4,94

	SVR
	658
	-0,0047513
	793,2
	-10,71

	Overall
	1974
	 
	987,5
	 


Table 10 Kruskal-Wallis Test Results for Model Performance Comparison
	Null hypothesis
	H₀: All medians are equal

	Alternative hypothesis
	H₁: At least one median is different

	Method
	DF
	H-Value
	P-Value

	Not adjusted for ties
	2
	114,97
	0,000

	Adjusted for ties
	2
	115,62
	0,000




Table 11. Top 10 Largest Prediction Errors
	Rank
	Actual Z
	Residual Error

	1
	47.2
	-0.055423

	2
	47.3
	0.052501

	3
	47.3
	0.050181

	4
	47.3
	-0.048315

	5
	47.3
	0.048061

	6
	47.3
	-0.047525

	7
	47.3
	-0.045281

	8
	47.3
	0.04436

	9
	47.2
	-0.044319

	10
	47.3
	-0.044044


Table 12. Error Analysis on Extreme Z Values
	Z Region
	Mean Residual Error

	Low Z (< 47.1)
	0.01338

	High Z (> 47.4)
	0.0091247


Table 13 Comparison Actual Output and Prediction
	Screwing Depth (mm)
	Screwing Torque (nm)
	Target Z (mm)
	Predicted Z (mm)
	Absolute Error (mm)

	8.348
	0.810
	47.000
	47.001
	0.00058134052698

	8.357
	0.810
	47.000
	47.001
	0.00063241145690

	8.359
	0.810
	47.000
	47.000
	0.00042038759111

	8.390
	0.820
	47.000
	47.000
	0.00011070209651

	8.429
	0.844
	47.100
	47.100
	0.00017454277784



 

For grants, please provide the grant number and the year it was received.  Write it as follows: “This work was supported by the ‘Name of organization’ funded by ’Name of Grant and number’ ”

https://doi.org/xx/ijtech.xx
Received date; Revised date; Accepted date
	


image1.jpeg
|

ech




