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Name EQC GS MH ucCs BTS YM SF-a

(%) (mm) (n) (MPa)  (MPa) (GPa)  (N/mm)
Ghermez Yazd (Granite) 57.65 2.90 6.10 142 8.52 43.60 14.24
Meshki Chayan (Granite) 60.06 0.87 6.60 173 15 48.60 7.60
Sefid Nehbandan(Granite) 64.30 4.10 5.95 145 9.20 35.50 24.25
Shokolati Khoramdareh (Granite)  32.20 3.90 5.65 133 8.30 28.90 10.42
Morvarid Mashhad (Granite) 30.30 3.80 5.60 125 7.40 31.20 8.50
Kerem Hersin (Marble) 3.60 0.55 350 7150 6.80 32.50 0.14
Sourati Anarak (Marble) 3.40 0.45 3.2 74.50 7.10 33.60 0.11
Ghermez Azarshahr (Travertine) 2.80 1.01 2.9 53 4.30 20.70 0.12
Haji Abad (Travertine) 2.60 0.85 2.9 61.50 5.60 21 0.12
Dareh Bokhari (Travertine) 2.70 0.87 2.95 63 5.40 23.50 0.13
Salsali (Marble) 3.20 0.52 3.10 73 6.30 31.60 0.11
Sourati Haftouman (Marble) 4 0.60 360 7450 7.20 35.50 0.17

A: Diamond disk

B: Accelerometer

C: Workpiece

D: Amplifier
E: Junction box
F: PC with ADC
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Type Carbonate

Granite

Model 1 2 6 7

1 3 5 6 7

RMSE 0.151 0.139 0.130 0.114 0.043 0.044 0.040 0.042 0.041
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Type Carbonate Granite

Model 1 6 7 2 3 5 6 7

RMSE 0.0239 0.0235 0.029 0.044 0.046 0.045 0.041 0.043 0.042

YM 0.635 % D 273X F 0.587
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Type

Carbonate

Granite

Model

RMSE 0.027 0.029 0.036 0.039 0.026 0.029 0.034 0.043 0.045 0.043 0.049 0.0417 0.0422 0.0416 0.043 0.0420
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Rock Optimal Parameters

Model
Type C € c
Carbonate 6 811.455 0.0949 4.738
Granite 7 2.111 0.0057 4.451
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Evaluation Criteria

Rock Type Model R? RMSE MAPE __ VAF
Carbonate Linear Regression 87.46 0.026 8.593 87.350
(Kerem Hersin, Sourati Nonlinear Regression 94.53 0.018 5.432 94.453
Anarak, Ghermez GANN-BP 91.96 0.023 6.963 91.496
Azarshahr, Haji Abad, GRNN 95.37 0.016 5.867 95.351
Salsali, Sourati Haftouman) COA-SVR 96.48 0.019 8.349  96.462
Granite Linear Regression 97.33 0.012 4.380 97.324
(Meshki Chayan, Sefid Nonlinear Regression 96.32 0.015 4.726 96.166
Nehbandan, Shokolati GANN-BP 97.27 0.024 8.762 95.068
Khoramdareh, Morvarid GRNN 90.87 0.023 7.577 90.713
Mashhad) COA-SVR 95.81 0.032 9.880 86.952
< s ()Juﬂ slesls 53 L sladae oLl @\:j N dsde
Evaluation Criteria
Rock Type Model RZ__RMSE__MAPE __ VAF
Linear Regression 97.40 0.014 6.230 94.179
Carbonate Nonlinear Regression ~ 98.76 0.007 3.170 98.699
(Dareh Bokhari) GANN-BP 96.93 0.014 4.994 94.665
GRNN 98.04 0.010 3.725 97.756
COA-SVR 98.68 0.017 8.924 98.522

Linear Regression
Nonlinear Regression

Granite

(Ghermez) GANN-BP

GRNN
COA-SVR

88.32 0.059 15701  82.163
89.49 0.054 14247  85.135
89.40 0.043 12179 76.774
87.36 0.064 16.221  81.213
87.59 0.051 13.480  77.326
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Rock Model Test data-Type A Test data-Type B
Type R? RMSE MAPE VAF R? RMSE MAPE VAF
Linear Regression 5 5 5 5 4 3 4 5
Nonlinear Regression 3 1 1 3 1 1 1 1
Carbonate GANN-BP 4 4 3 4 5 4 3 4
GRNN 2 2 2 2 3 2 2 3
COA-SVR 1 3 4 1 2 5 5 2
Linear Regression 1 1 1 1 3 4 4 2
Nonlinear Regression 3 2 2 2 1 3 3 1
Granite GANN-BP 2 4 4 3 2 1 1 5
GRNN 5 3 3 4 5 5 5 3
COA-SVR 4 5 5 5 4 2 2 4
=2le a5, Gl e slagduas, (al.'o_sl AY Jsoe
$0Ck Model Average Copeland Rank  Ultimate Rank
ype rank
Linear Regression 45 5 4.75
Nonlinear Regression 15 1 1.25
Carbonate GANN-BP 3.875 4 3.938
GRNN 2.25 2 2.125
COA-SVR 2.875 2 2.438
Linear Regression 2.125 1 1.563
Nonlinear Regression 2.125 1 1.563
Granite GANN-BP 2.75 3 2.875
GRNN 4.125 5 4.563
COA-SVR 3.875 5 4.438
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