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Abstract: The distribution characteristics of blasting pile is an important index indicator to evaluate blasting
effect. In view of the inadequacy of the current direct and indirect methods of measuring fragment size of the blast
pile,a spatial distribution measurement method for adaptive stratification of the blast pile is proposed. It uses the GA-
LSSVM model to predict the shape parameters « and B of the Weibull function and sets multiple prediction points to
predict the three-dimensional blasting pile morphology. By converting and fusing the parameters of the Kuz-Ram frag-

ment prediction model, a distance prediction model of blast pile stratification is established and applied to the
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Weibull-GA-LSSVM model to achieve an automatic stratification of the blast pile. Through field application, the strat-

ification design is continuously optimized for the best stratification position to realize the adaptive stratification. The

results show that: (1)the Weibull-GA-LSSVM model can accurately predict the morphology of the blast pile with a

good stability that the average relative error of the prediction results of the maximum forward distance of the blast pile

is only 5.6% and the relative error of the prediction results of the looseness coefficient is mostly around 9%. (2) The

Kuz-Ram-based blast pile stratification model can reasonably output the layer distance and number before blast,

which ensures the shoveling efficiency after blast. (3) The optimal layer distance formula is derived to achieve the a-

daptive stratification of the blast pile,and the measurement accuracy of the fragment size distribution of the blast pile

is significantly improved, which is closer to the overall fragment size distribution.
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Fig. 1 General plan of the construction of the Grand Row Mine
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Fig. 2 Automatic stratification process of bursting pile
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Table 1 Input layer parameters
G ML (kg m)  AWEE/m  IEH/m  ALH/m fEE/m @ EOR
1 0.50 16.5 4.2 7.5 4.5 79
2 0.44 15.1 4.2 7.5 4.5 76
3 0.44 15.1 4.2 7.5 4.5 80
4 0.44 15.2 4.2 7.5 4.5 77
5 0.41 15.3 4.2 7.5 4.5 82
6 0.41 15.3 4.2 7.5 4.5 81
7 0.41 15.3 4.2 7.5 4.5 76
8 0.48 16.0 4.2 7.5 4.5 77
9 0.45 15.3 4.2 7.5 4.5 78
10 0.44 15.6 4.2 7.5 4.5 80
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Table 2 Output layer parameters
i > NSS4 a B
1 1.117 1.1074 1.1059
2 1.214 1.0265 1.2613
3 1.162 1.0729 1.3125
4 1.112 1.0490 1.2084
5 1.073 1.0593 1.3040
6 1.150 1.0630 1.2553
7 1.103 1.0733 1.0479
8 1.133 1.0973 1.3239
9 1.053 1.1903 1.2337
10 1.152 1.0428 1.1260
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Table 3 GA-LSSVM prediction results

. U &Y a B
HE U ARRRZE% HSL N AIRRZE% HSL Bl AIRHRE%
1 1112 1.238 9.13 1.0490 1.1209 6.85 1.2084 1.2595 4.23
2 1.103  1.235 8.14 1.0733  1.2269 7.15 1.0479  1.0967 4.64
3 1214 1.320 8.75 1.0265 1.1017 7.33 1.2613  1.3139 4.17
4 1.150  1.255 9.10 1.0630 1.1411 6.14 1.2553 1.3186 5.04
5  1.073 1.177 9.97 1.0593 1.1331 6.97 1.3040 1.3710 5.14
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Fig. 4 Prediction of the 3D morphology of the blast pile
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Table 4 Maximum forward distance prediction results

g PERMESCRRECR HRMERTIN R A

SESEEE/m piAsiEm/m  TXTIRZE/%
1 40.4 42.3 4.7
2 39.6 41.4 4.5
3 38.5 40.7 5.7
4 41.3 4.7 8.2
5 39.7 41.6 4.9

K5 JCAHUARSE IR K RTAS I i

Fig. 5 Maximum forward movement measurement of the UAV blast pile
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Fig. 6 Automatic stratification of blast pile
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Table 5 Input layer parameters

B RE %D/ P / A HWRKE  HERE "
; IEJII/ZE ¥I_‘jnm T£$f3(1) FLHE $/m ﬁ,}if Ly/m L./m AHA
15 140 0.40 7.4 4.5 1.5 3 7
/MR Wl 6/° SRR LR RERAR AT fﬁ?Lﬂ%fE
W/m ZHK 0/kg T/m’ MEE  AnifEZE e/m
4 76 6 145.4 4 100 0.20
®6 HWHESH
Table 6 Output layer parameters
W R HYESNZ AR
B E5/m B B BB /m 23
37.76 32 53 1.69 13.3 3
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Table 7 Layered image acquisition

RH_ Bi/m
3 13.30
4 9.57
5 8.65
6 6.67
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Fig. 7 Blast pile frgment size identification system
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Table 8 Optimal layer distance and

maximum forward distance

% RAYZIEE/m BRI I R/m
1 16. 14 40.27
2 15.92 39.83
3 19.92 47.44
4 19.56 45.12
5 15.17 37.47
6 14.35 36.71
7 20.13 48.26
8 19.11 44.31
9 20.61 47.20
10 15.40 38.79

K9 WANEBY

Table 9 Input layer parameters

BMEE THNFE e HEE LB m/MIRBLE S
H/m (kg-m>) J/m S/m W/m 9/°

15.6 0.48 4.5 7.4 4.2 79
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