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Prediction of blasting-vibration-peak-speed by QN-BP
based on Quasi-Newton method

LIU Bo, SHI Xiu-zhi, HUANG Xuan-dong, WU Yong-meng, HUANG Dan, LUO Jia

(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: According to the measured data of an open pit bench blasting, the experience formula based on regression
analysis and ordinary BP neural network model and improved BP neural network model based on Quasi-Newton method
(QN-BP) were used to forecast the peak speed of blasting vibration. The training results of two kinds of models show that
QN-BP model can be convergence after 122 times iterative, whose average training error is 3.7%. The ordinary BP model
need more than 100 000 times iterative to be convergence, whose average training error is 4.2%.By comparing the

forecast values with the measured value, the average relative error of the three results(QN-BP, BP and experience

formula) are 6.05%,10.21% and 23.42%, respectively.
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Table 1 Training and forecasting samples of model

Experiment Rim Hm Okg  viems™) QN-BP forjcast BP fOI’eCj.St Experience formjla forecast

No. v/(cm's ) v/(cm's ) v/(cm's )

1 205.21 6.00 150 0.957 - - -

2 271.64 16.00 150 0.566 - - -

3 492.29 26.60 150 0.049 - - -

4 125.90 4.60 150 1.023 - - -

5 334.81 25.10 150 0.389 - - -

6 398.16 26.40 150 0.175 - - -

7 446.81 26.50 150 0.223 - - -

8 468.93 27.40 150 0.219 - - -

9 42.47 10.33 160 7.358 - - -

10 98.35 14.55 160 3.422 - - -

11 115.65 8.93 160 1.555 - - -

12 151.52 5.95 160 1.413 - - -
13 228.77 15.95 160 1.227 - - -

14 392.55 26.45 160 0.417 - - -

15 26.60 10.95 150 7.600 - - -

16 29.20 14.96 150 6.030 - - -

17 96.93 1.50 150 1.650 - - -

18 164.62 15.60 150 1.291 - - -

19 272.87 24.80 150 0.536 - - -
20 336.12 26.10 150 0.320 - - -

21 406.65 27.10 150 0.221 - - -
22 136.15 1.60 105 2.730 - - -
23 144.43 2.50 105 1.890 - - -
24 201.02 15.70 105 0.972 - - -
25 303.68 24.90 105 0.658 - - -
26 415.19 26.30 105 0.145 - - -
27 437.95 27.20 105 0.108 - - -
28 51.56 10.80 150 5.167 5.5300 6.070 9 6.1830
29 227.36 15.90 150 0.775 0.722 8 0.6877 0.702 6
30 62.32 10.58 160 6.856 6.6213 6.784 2 4.830 6
31 119.15 4.55 160 1.449 1.498 3 1.660 9 1.864 7
32 384.76 26.20 150 0.178 0.189 6 0.195 1 0.2712
33 70.44 14.86 105 4.889 4.669 2 4.714 6 3.9093
34 366.81 26.20 105 0.362 0.400 8 0.390 1 0.346 4




523 %5 5 X, A SRR QN-BP TN AR B ) 0 (R 1431

WA B S . QN-BPL BP PRI A (1 FIME . 48
56 A P TIAEL .7 b 45 R4 ™, ] 6 B
HIF 6 FTLAE Y, 200 20 s 2 A W Sl fi 15 52

100
E — Train
---Best
S e Goal
5 10
=
[
o
g
S 1072
o
% 100 000 epochs
()
> 1073 oo D
104 . . . .
0 2 4 6 8 10

Epochs/10*
2 BP HAIZRikth 2

Fig. 2 Training iteration curves of BP model for 10° epochs

10%g

S

122 epochs

Mean squared error
=
W

—_
<
w
I””!i T

|
i
]
i
|
]
ol
|
:l
i
]
il
il
|
|l
A
R
A
|
R
A
il
|
|l
i)
N\

—_
<
ES

100 120

(=}
[ )
S
IS
S
=N
S
o
S

Epochs
3 QN-BP BIRLIZRIEACH £

Fig. 3 Training iteration curves of QN-BP model

0.08

= —Prediction error curve

Relative error

-0.02

-0.04

-0.06 L I I

0 5 10 15 20 25 30

Experiment No.1-27
4 QN-BP BRI SR 2z i 2k
Fig. 4 Training error curve of QN-BP model

0.10

= —Prediction error curve

0.06

0.02

-0.02

Relative error

-0.06

_0.10 1 1 1 1 1
0 5 10 15 20 25 30

Experiment No.1-27
5 BP BIRYIZRRZE L

Fig. 5 Training error curve of BP model

7
=— Actual
64 +—QN-BP
‘ A+—Formula

*—BP

Blasting-vibration-peak-speed/(cm*s™")
(98]

|
28 29 30 31 32 33 34
Experiment No. 28-34

6 VR A 2k

Fig. 6 Sequence curves of peak speed

DL, T2 X 48 R0 () 0l &5 SRzl s, I
T QN-BP 128 9 2 4558 BN SEA s 4 5 s )
AEFAARE, IXUEB T TR S [H] A A i 2
56 5 TR [0 255 A5 (18 0 &85 SR S iy — Bk
A TR ALAH ISR KB EMROE, 1 H¥
P R & I Ak BT R AL, RV A OC R Bk 3
0.958 6, fHTINZ SRATIR S SEMAT R 2 R, AN
K2 INE, 1 HARZE. BRI AL BE R 21055 R
128 [0 45 RS 2R ) Pt &5 SR SE AT SR s [t mT A
B2 QN-BP 120 W 2 SR AE Y i 75 i Skt
FEPR, i ELT &5 AR S A i . ToE £ R S
IR L 2 Fral,

M 2 W LI Y, QN-BP 120 N 4 R T f F0000 45
G S I AR ZE R 6.05%, il BP #4
0 8% ST T PRI~ S5 AR 8 22 20 10.21% T2 56 233X
TR X IR 2200 23.42%. A W, QN-BP 142



1432 A G A R 2013 45 1
2 FRING R S S E RS
Table 2 Forecast results compared with the actual data
Experiment Actual QN-BP forecast ~ Relative  BP forecast, Relative Experience formula forecast, Relative
No. vi(ems™) vi(ems™) error/% vi(ems™) error/% vi(ems™) error/%
28 5.167 5.5300 7.02 6.070 9 17.49 6.1830 19.66
29 0.775 0.722 8 6.74 0.687 7 11.26 0.702 6 9.34
30 6.856 6.6213 3.42 6.784 2 7.18 4.830 6 29.54
31 1.449 1.498 3 3.40 1.660 9 14.62 1.864 7 28.67
32 0.178 0.189 6 6.52 0.195 1 9.61 0.2712 52.36
33 4.889 4.669 2 4.50 4.714 6 3.57 3.9093 20.04
34 0.362 0.400 8 10.72 0.390 1 7.76 0.346 4 4.31
Average relative error 6.05 10.21 23.42
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