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Establishment and Application of Blasting Vibration
Prediction System based on SSA-XGBoost
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(1. Zijin( Changsha) Engineering Technology Co. ,Ltd. ,Changsha 410000, China;
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Environmental Engineering, Wuhan University of Technology , Wuhan 430070, China)

Abstract: The peak particle velocity( PPV) of blasting vibration is an important index to measure the impact of
blasting vibration on surrounding environment and structures. In order to improve the reliability of PPV prediction, a
model based on extreme gradient boosting optimized by the sparrow search algorithm was proposed,and a correspond-
ing blasting vibration prediction system was built using the App Designer of MATLAB. The maximum charge per de-
lay, distance from blast center to measuring point,and elevation difference between measuring point and blast center
were selected as the input parameters of 36 sets of training data and 5 sets of test data for the model to predict PPV.
The results show that the proposed SSA-XGBoost model has a smaller average relative error compared with the GA-
BPNN model and BPNN model ,and it has a higher prediction accuracy and better stability proved by the Taylor graph.
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Table 1 Blasting vibration data

A 2 B i A 1X

s | e [ g BREBL L e I/
e z: : K2/ kg (em-s™")

o 1 19.0 41.0 5.0 4.10

T - : 2 14.0 45.0 4.8 2.30

S it 3 10.0 46.0 4.7 1.25

4 16.0 43.0 5.0 3.00

5 19.0 26.0 2.0 9.70

Pel 2 R sl LI AR GE 5 1D 6 12.0 30.0 2.0 2.00

Fig. 2 Blasting vibration prediction system interface 7 15.0 31.0 1.9 2.80

DI E e S S

)ﬁﬂi“iﬁ‘&ﬁlﬁ”éﬁ:%&%"?ﬁfﬂ}ﬁ,iﬁ?&éﬁﬁﬁg%ﬂ”gﬁ 10 28.8 25.0 3.0 9.20

B FAE , itz 7 U B X 2 B P s B 11 12.0 26.0 3.0 3.00

% e A 12 25.0 28.0 2.8 6.00

@U”é}ﬁﬂj{w*ﬁﬂ 13 17.0 29.0 3.1 2.00

RO RZ NIR B P s T T o -

B ABLHOE PRI S 5258 75 00 2 IS i LA 16 2.0 8.0 7 0 5 50

MG B AR 5, BRE TR X BB 17 10.0 36.0 7.5 2.00

BN 2R FNAR A 7 A BEREA T I SR 18 9.0 42.0 7.0 1.00

@M F 19 11.0 63.0 0.0 1.70

OIS R Ak MR e,y ) ) T

FH P 3t e 18 DU A A B3P 28 BR B, 4 Hh R 1 » 312 6.0 . s 0

FME , DL P EA T4 o IR T T A ”3 16.2 29 7 4.8 125

AT UGB DX B R I 5 P AR Y 1 Ik RS 24 25.0 23.0 5.0 3.90

Dl 5 B RBL 2 HUEE PPV B TN . 25 31.0 25.0 5.0 5.00

@25 25 R R 26 20.0 28.0 5.1 2.30

SEMBLALI A B R, P o B e

TR B R EE , FRIE A LR R AT 29 040 4.0 30 370

%ﬁ*%?ﬂ“iﬁ%?ﬁfmo TZE%EEFHF ﬁiﬂ“%*}ﬁ,mb} 30 20.0 40.0 3.2 2.90

MR R H R R 31 30.0 26.0 5.0 15.70

32 28.0 24.0 5.0 12.50

3 BRI R S B R 33 29.0 28.5 4.9 14.00

) 34 30.0 46.0 3.0 5.00

3.1 9l SSA-XGBoost #2E! 35 28.0 44.0 3.0 4.50

L&%Ti#ﬂt[l:&]qj% 41 2ﬂ§&jﬁsﬁn%§1 FJ:[“ZT_\‘O 36 30.0 43.0 3.0 600

B AR TR /N VS R TR, >R TC-4850 ] 37 29.0 45.0 3.0 4.50

PRASON Bl 718 8 4 30 W I A5 64T PPV Wi, AR s 38 15.0 14.0 0.0 1.20

(R 22 AR ) ( GB6722—2014 ) [R] i 4 5 a4 39 28.0 28.5 31 13.00

MRG0 IR PPV sy = ) 0 2 )

HA R AR, B 1 A0SRk AR [R] A 1T 36 2H 8
Ve NgREids , Ja 5 4R o I RdE , LUK O i L fie G T O FR A AIR 2l BT 2R 4, 3 O 2Rl
KPR A e 22 (I SRR S TR L PR 18 R A A B R A QUECR R RS 23]
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Table 2 Prediction results and errors of training set

. iiﬂlﬂiil;f/ B/ (em - s7") FHXT IR 22/ %
(em+s™) GA — BPNN #i#1 SSA — XGBoost 1517 GA — BPNN i1 SSA — XGBoost 517
1 4.10 3.89 4.10 5.01 0.00
2 2.30 2.32 2.26 0.95 1.74
3 1.25 1.28 1.26 2.50 0.80
4 3.00 3.02 3.00 0.70 0.00
5 9.70 9.41 9.72 2.98 0.21
6 2.00 2.17 2.05 6.33 2.50
7 2.80 2.40 2.81 14.43 0.36
8 4.00 4.86 3.99 21.46 0.25
9 2.50 3.13 2.49 25.21 0.40
10 9.20 8.20 9.21 10. 86 0.11
11 3.00 2.58 3.00 14.16 0.00
12 6. 00 5.82 6. 00 3.02 0.00
13 2.00 1.45 1.99 27.46 0.50
14 3.00 2.87 3.02 4.21 0.67
15 1.25 1.46 1.26 16. 63 0.80
16 2.50 2.41 2.49 3.73 0.40
17 2.00 1.92 2.00 3.94 0.00
18 1.60 1.86 1.62 16.26 1.25
19 1.70 1.59 1.71 6.71 0.59
20 1.00 0.99 1.09 0.96 9.00
21 1.50 1.58 1.49 5.32 0.67
22 5.02 4.84 5.02 3.54 0.00
23 1.25 1.48 1.26 18.29 0.80
24 3.90 3.82 3.91 2.11 0.26
25 5.00 5.00 4.98 0.09 0.40
26 2.30 2.32 2.31 0.98 0.43
27 4.10 3.96 4.11 3.37 0.24
28 1.80 1.67 1.79 7.22 0.56
29 3.70 3.90 3.67 5.34 0.81
30 2.90 2.53 2.90 12.81 0.00
31 15.70 15.43 15.71 1.75 0.06
32 12.50 12.66 12.49 1.27 0.08
33 14.00 15.59 14.01 11.38 0.07
34 5.00 3.62 4.99 27.51 0.20
35 4.50 4.28 4.49 4.88 0.22
36 6.00 5.20 6.01 13.31 0.17

Firp, GA-BPNN U F1 SSA-XGBoost MY Lk FAXFERZE Sre/ VAT 1 22 A KA X R 22 2/ T
FEAS B TIUIAR S TR 25 Fe KA 090 0 25. 21% F1 9%, GA-BPNN 7Y SR B B4 A T R fE
f/ME B 0.09% F1 0, F X R 227050 3.2 SSA-XGBoost #E TN 45 R 5347
8.52%H10.68% . it WL, 7E YN ZRAEA Y R B L, R LIS ) B AR 7 B BB, 75 3
SSA-XGBoost A7 S AR1EA 1] PPV SHIEHU/INGIRE  SSA-XGBoost A58 71 Fil il 45 2R, 55 GA-BPNN 45 7
A EAARIR RO AR AR XHR2Z RN, JF e BPNN ORISR AU 3 FA 3 fs o
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Table 3 Prediction results and errors of testing set

. GA - BPNN BPNN #£781 SSA-XGBoost
SR B 5 S S
g OCMEES g, MY s Y g, X
(em+s™) o 1R2E/ % -1 R2E/ % o RZE/ %
(em-s™) (em-s™) (em s )
1 4.5 3.97 11.88 4.97 10.43 4.57 1.56
2 1.2 1.18 1.68 1.42 18.29 1.21 0.83
3 13.0 12.93 0.56 14.21 9.29 13.03 0.23
4 1.6 1.53 4.21 1.65 3.15 1.62 1.25
5 2.3 2.06 10. 65 1.61 29.81 2.20 4.35
T I 520 PPV AT LA H, 2t () SSA-XGBoost 457 75 1) i Kt
141 I GA-BPNN il PPV P P F 2L AR T GA-BPNN BL7Y 1 BPNN £L7Y
— 1 BPNN Fijli PPV JIUEEN . . ‘o .
121 [_1SSA-XGBoost Hillll PPV FomEasE I H A BRI BN AR 2E, BT HE
e 10t EOU b R R AR B L R T R R T ROR
£ st AN [RIBE AR X (] — I A LA AR, an el 5 TR o
6l HUS 557 5 2 0] %) B 2 I 2 kG , A% RMSE ji
= il /0N, BIVRETRY AR B SR o s o 2 B/ N U BH L U8 3
5| BUN, GERERRE . AHC R BB, BB R A
I B B P 5 o] By, SSA-XGBoost S A4 45 A T
1 2 3 4 5 GA-BPNN #4580 11 BPNN A5 1 57 52 37 2 2% 45, 15t B
PG

B3 I Tt 4 2R 3 i ]

Fig. 3 Analysis diagram of testing set prediction results

3 3 A1, GA-BPNN 5 #F1 BPNN 452 71 i X
EHE (8 T AH X 3R 2% e KAE 43 51 R 11, 88% Al
29.81% , f/IME 45K 0. 56% F1 3. 15% , SE- X5 4%
REA K 4. 33% il 14. 19% ; 1] SSA-XGBoost #5
TR (1A 000 AR Vo T A X 35 2 B KAEL M 4. 35% , i
/MEHR 0.23% SEIFEXTIRZE R 1.64% , T B
ML, LU AN [ 455 80 0 45 SR 158 22, 6l 4 Jos T GA-
BPNN #5% BPNN £ AU 1 SSA-XGBoost 5 %} 11 2H
IS T 235 R ) AR R R 25

30+
I GA-BPNN il PPV
5|  HEE BPNNF{W PPV
[ SSA-XGBoost il PPV
Lot
i
o
L5
o
<
10}
5 -

FEA G5
B4 RmRESHE

Fig. 4 Error analysis diagram

SSA-XGBoost #5HUAH 4 T H AL 7Y B AT BAIE 5 14 7k
RE, AT LAVE S50 PPV (4 A5 A

Standard deviation

Kls SRl 42 ) e
Fig. 5 Taylor diagram of prediction model

4 Zig

(1)L SSA XF XGBoost FE 7 (1) 8 Z Bk A T4
ik, # T SSA-XGBoost A5 7 Ko AH IV (1) 4 1 417
ST R SE, SEE T SSA-XGBoost A5 1) ] Ji £ $5
B BT F P, nT e PR s F P

(2) 2R 1 SSA-XGBoost 57, 3 B T e K HL B
KEZ RO BRI = R 25 A BT S A S5, 25
IR, SSA-XGBoost A5 1 fit 14 £ 4 iy 33 000 A Xt
BRI KAE 5/ ME T SAHXF 1R 22 A1 % GA-BP 43
WIFEAR T 7.534% \0.33% F112.69% , 55 R 2= 1)
EIdUER] T SSA-XGBoost #5254 (477 fL.fig 77, Ut HH %
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