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Research on Blasting Vibration Prediction Based on DBO-SVR Algorithm
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Abstract : In order to improve the prediction accuracy and adaptability, based on the blasting project of Meishan Iron Mine, this paper
proposes a Dung Beetle Optimized Support Vector Regression ( DBO-SVR) model for PPV prediction. The Pearson heat map is used to
analyze the correlation between each feature and PPV ( Peak Particle Velocity), and the mean square error and coefficient of
determination are used as the model evaluation indexes. The prediction results of DBO-SVR, DBO-XGB, SVR and XGB are compared
and analyzed. The mean square errors of the four algorithms were 0. 028,0. 152,1. 084 ,0. 226, and the determination coefficients were
0.985,0.917,0. 408 ,0. 877, respectively. The results show that the prediction effect of DBO-SVR algorithm is better than that of other
models. The DBO-SVR algorithm model comprehensively considers the influence of multiple blasting design parameters on PPV, greatly
shortens the training time of sample data, and accelerates the convergence speed of the model to meet the speed prediction requirements
of actual blasting vibration. The prediction results are more accurate and the error is smaller, which can provide reference for the
prediction of peak vibration velocity of similar blasting projects.

Key words: blasting vibration; peak particle vibration velocity; support vector regression; DBO-SVR model

T RERS B 22 45t BB 2 T W {1 AR 2 3t
JE (PPV) J2 Ml B B Bl 4k sl o Y BB S, B R
SRR A Y L RR A 1 R AR R R — R A
PR E ] P9 A R R ER B PPV R T S R A D A
BRI JBE T A5 S A R A7 S i 0 i 0 A g T R
it B Hh Rk Bl R Sl o0 I Ak Pk 3h R (R 26 B

1 HiE

HRBOAIR B0 32 rh 4 K 5 RS 1 3 o e, e 0 L
FR B TR AT B
e Wik T B R BB A, X L8 8 LA J7 I A I 53X
1Lk, B BN BT (5 ) A RS, R
AR Bl A S 22 0 o P 35 A A S0 7 A R Wi, ik

[TEBERIAN] A (1970—) 9, W TR, 2 ENFEEIED RS % # 7 @ i T4,
[HETH] BER A =07 T AR TR 1 F Sk s A BBk i R i S R B (RABI4R 5 :2020 YFC1909801 )
(SR T, wig, WaE, %, 35T DBO-SVR ByE AR RSB oA ®F o [ 1], & 1h T2 ,2024 ,53(4) ;1 -5.



22 hEY LITE

2024 4 (55 53 &)

Ho i KAEE R PPV, 7E S BR T A2, PPV ]
DL i 22 56 20 SR A T E AT AR B, W I 4
KA 20N 9 E R 5T 2 200 B e 3 A
L1 BRI B G PPV TR 5 vk 2 EAR T 4
6 8 ORN ) B AR | B SR 30 6 Ty vk 7 S R 0 4%
PFT R R LE BB AT A T 2 48 1Y) b J5T
SR AR AR A

Bl & e B 2F N T BB H AR 1 &, Bl g
42 AE PPV U v i) B FH 2 7 A7 B 0, T R R
R I 2 A O A BIL A 2= 2D A S — Fh gkHE 3K 3l 4
e, A6 K Dy s B 2 2 AT DL ST R AR
YR A TSR | 50 IR A% 48 07 vk i i 2 R BRPED
WHEAE L ARt SVR B3 vk v UM IR % 4 R 8 i
AINIRITER DR AL A 2 R ALIR IR B R A
BTN SR ST ' T R 10 AR T A Y ) I A
BRI T 8 R B2 &R GA Bk Ak
P2 2% IF 8 T 45 R 5 5 R T A Uit
AL P B R T 4 SR AT LA, O TP 28 N 4%
TN K B B Gm s TR E R B A K
Khandelwal "* i i3 BEHL AR AR 2% PPV gE4T T
I 2 R 5L 500 AT X HL A3 . Fisne 4538
IR HERE R G PPV BEAT TR

HL#S 2 2 Al DLE o K Dy s B 25, A 82
IR ARLRME S R B m TS B, OF B AT
(37 Ak BE T3 AN S B T 68 7, DL b AR SR R i i 45
2:(DBO) X 3 HE ) i M3 59 (SVR) A7 04k, 7
RS2 R R X R0 B KBRSl
RSN, #8 DBO-SVR il illl #5 5 X} PPV #E4T
e,

2 DBO-SVR R RIFEA i B
2.1 XZHFEEEII(SVR)

X HF ] & [ ( Support Vector Regression, SVR)
PR TSCRF R (SVM) 1 1A 534 05
SAEGE G AR AR L, SVR 38 2 51 A SR 1) 5 1Y
WS, BRAS T 4 b A R R 2 OC R IT BA Bz
ez

SVR ) Hbrse 4R B — R f(x) , 15 B A LA
ST REHDHE T 25 7 B (B, SVR B AC K 3R

f(x) =0'$(X) +b (1)
A 0 A A b (X)) S K00 A BRI 21 g 4 23 [1]
(A% PRI b R BT, SVR A sR B T 4 A

HHm S B S A s 1] DB AR5 ] 4R 31—tk
3B AR T, PR R il MR PR BT N B2

AR SO P 5 3 4 1) 2 R 8 ( RBF) /E A SVR 45
T A% BRBCHEA T SVR (R R 25 an &l 1 s .

o p(X)+b=1

e T =0
B - T wTp(X)+b=—1

1 SVREEUREER

2.2 BEERIEE (DBO)

WEMEE D (DBO ) J&— Fh 3L T WE R 17 0 e &
A Sk R A AL T e M Y TR Bk Bk
BRSO TR MU BT 5 LR AT N, SRR S R
fRim) A, A SCH IR Rk A R R R S 30, BRIR G
AR R BB B B 110 6 LIBE IR 1 47 7R TR e 4 i
72,557 315 12 BT afrh, 13 219 H
AT EHEAT M, 56 20 205 30 ikt eif7oh, ¢
BB RERIT AR AN
oyl vaxkxal +bxAx (2)

Ax = lx) —x""™| (3)
Ko EHBUER -1 801 LTk e (0,0.2] Y
BEHLEL b J&— A HUE A P 8 80 o™ I 4 Ry e 22
ARG A 2 5 A SABRGSR A AR ML, BREEAT M AR
/N

X

o =x! tan(0) lal a7 (4)
K.0e[0,w], BHAT W EH AT .

Lb* =max(X* x (1 -R),Lb) (5)

Ub" =max(X" x(1-R),Ub) (6)

P X R H AR AL Lh ™ L Ub ™ 3ol 3
ARG FRRER R =1 - Max,,, FR ht

KEEARRE, Lo F1 Ub 53 53R s A4k g A
FUT FL, BB e 886 1 o7 B R AN T
=X b, x(x)=Lb") +b, x (xi=Ub™)
(7)
Arfoal 25 @ DIRERTES ¢ ORI B AR B b,
F1 by =PSRN R 1 x dim 4 1 FEHL IR 12
TEAT A HE AT
Lb" =max (X" x (1 -R) ,Lb) (8)
Ub" =max (X" x (1 =R) ,Ub) (9)



o554 1

E 3% A& 5 LT DBO-SVR FEIK M MEBR 3 U B $3-

K X TR REACAE, Lb" Al Ub" 53 3 s it
TR DAY AU B PRI Y o7 B BB R
A =X C x (x = L") +(Cy) x (x) - Ub")

(10)

Arfoal FOREE  DBERESE ¢ AR EAR E  C,
FIR MR IE S 5310 B BENLES; C, 327 (0, 1) JEHE A
IBEALIN 5L, MTET T AR ER AT

=X, +Sxgx (Ixt =X 1+ 1 =X"1) (11)
Ao owl TR | DINEKTESS ¢« VOB EIE R
FER/INA T x dim 4ER9 IR A IEZS 73 A B BEML 1) £, S
AL
2.3 DBO-SVR ##!

Pl 2 s S e MR AR A S i DAk SVR 83 (1 ik
T2 ,SVR Bk iyt fg FE PR T RSB ERE, £
ZERNENAESEL C, AU SERE & R ) A% bR
BTERE gamma, ENWALSEL C FhI IR By 52 5%
JERMAZARE /NG C (B2 S BOE 15 Wi, T
K C (8 £ 5 208 32200 Y 28008 1 i . AN B80S
TEPE & 8 T 4% sREC B AN SRR IX 3 5 B D
& YOI N IR ZEN R BT 22 1Y, A% pREL Y FE
J& gamma AR ) FEAX R B “ B0 EE B2 i
BAFEA SRS ITEE . R DBO S EX%) SVR 5
P (J53CiE A DBO-SVR B35 Rk it, ¥ LA iy 3
MESEE E TR E N C:(0.1,150) , &
(0.01,0.5) ,gamma: (0.01,100) , I H A1 2 1)
R*WE R 7 i PR 3R T

|0 g, Bl L PR i

v
ITARIERLIE , A SR 1
O3 B A

B s
I

v ¥ v ¥ v
ek | (o] (o] |me]| e
| ] | | ]

¥
| Mg, TR L
o AR AR T
AL LI,
AR RERRIHZ A
R

PRSI

2 SEUERREE

3 %:TF DBO-SVR Ay 48 0% Ik zh i J&
T
3.1 HAHERE
HE LR AT SR FH 0 RS 2 B 7 1 F R, B e A
L5 I R ALY JFLFLAE R 90 mm , FE
T SEBR W B0, B R R 2 i (ke) , AL
DX 38 (A A X sk P 7 56 55 A 40 0 AR X RIS X, 7 Ak
FUESAERRRE AR X E R 1, PEIX4E ok 2, Bk A& 3 BF
IR KGR (m) B R PAFLAE 25 5 (ke) 1B PRSI
MW PR B3R (PPV) PR, WS R 350 4147 %L
B X AR AT Y A ) 3 A R VI A B L
[19°0. 2, #8435 E s W 1,

N KZ,
(Y, ™
Ng, N6 q
N3
A N
¢
A~
2 3 =
i Y Iz
R oty et -\,“
>0 0-050.:0-0-00 P /7
e- I TS
) FF KK .0 0l § ~
B ’ ]
J
Eope
" D6D5
lz 4
‘%% A
~ >l
: v
- | 4
° byl
3 e
57 4 /7 P
~ T

B3 #wusy ERREBIER

3.2 PPV ZIMEHZMHEXMST
Bz IR b T S —Ff FH T AT Rk B B v AR
2 RIAE DGR B3, B T R OR AR OC R B, B
gt ok 3R AR 1 2 (A B AH DGR SREE . A
fIE5 PPV AOAHICHE | SR FH B2 IR b B4 B 14 7 =0 3% 1
FE IR DA TAE AR S B, A9 B R E Q& 4 s, H
R IR AR OC R AR
Z(x—@(y—@
r= = (12)

;(xi _9?)2;(9/5 _97)2




4. RE& LT

2024 4 (55 53 &)

A on BAEARE G, My 25§ DA« Fly AYHRL
i ;2 Fly 435002 o Ay BREARI(E
F1 BT RHETRETNEE

Zyht/ FRBE T HL BBURK PPV/

.
S R w4 anes!
1 0.95 1 912 0.202 0.036

2 0.95 1 1093 0.202 0.022
3 1.20 2 774 0.221 0.071
4 1.20 2 840 0.221 0. 069
5 1.20 2 925 0.221 0. 062
6 1.20 2 957 0.221 0.072
7 1. 30 2 711 0.215 0.037
8 1. 30 2 797 0.215 0.037
9 1.30 2 870 0.215 0.039
343 1.20 2 50 0.26 3.058
344 1.20 2 825 0.24 0.061
345 1.50 2 1035 0.25 0.148
346 1. 10 2 985 0.29 0. 124
347 1. 20 2 981 0.29 0. 144
348 1.65 1 915 0.15 0. 165
349 0.50 2 858 0.22 0. 106
350 1.20 2 874 0.30 0.139
-1.0

2yl l—o.g

BRI 15, (AR 175 2) 0.6
0.4

- 031 =001
-0.2
45&5&)\‘%’5%. -0.06 0

PPV =002 0112
48 WS RO —B PPV
R 17H2) B
4 PPV RB/R#ENE

MABUE R 1B ERE AR X FY W LLSE A
A — 25 ELAORH A, T A I B0 5,40 58 92 b 75 75 7]
—H IR H Y REE X B9, R R
BAE N — 1, W RoR E A 8 s 7 7 — AR 4R
AR Y RREE X BN, M REE R 0
AF, DU 50 B PR A8 e 2 (R BEAT 2R MG R, AL AT L
FROEE S PPV A G R,
3.3 DBO-SVR #EEIZ R4

1) 38 07 B 45 SR % e o bt

Jyitk— L B AE DBO-SVR B4 ik Bk, 4 SC %

FH XGB (i ehs B2 48 -4 ) S8 047 X6 e 43 A, 430l
K H DBO B354} SVR Bk A XGB Bk ii1k,
B AL S BT RY [) 35 N7 BE il R R AT H g, A B AR
)38 7 R £ an el 5 iR

0o
' 0.958 05
0.94}
0.92F
0.90*
= A 0.883 27
2088k T T T T T T T T T T ]
)
0.86F
0.84}
0.82 ----DBO-SVR
= —-—DBO-XGB
0.80 . ; . ‘
0 20 40 60 80 100

AR/
5 DBO-SVR 5 DBO-XGB &7 £ i £k %t bk &

WE S s, BRI 20t 100 YaEARE , BRGE
o7 A E S S b T I FLUSCE, SVR A5 By 3 o
HWCECH 0.958 05, XGB 1438 I B fi &0 84k
0.88327, Z5HEW DBO B A Kk i 2 Jm il &
RE 7, e e my ik SVR F1 XGB 5432 iy Wi 8
JE P WO B, O ELAE R RE Y B 4 S Ak Sk
FEAl I, SVR MBIRZLT XGB Hik

2) AU SRt At

KA R 22 (MSE) , FIUR 58 280 R SR VEAy
SVR,XGB,DBO-SVR 5 DBO-XGB /™% ik 1y 455 754
PERE, HFRILA N

1 < “
MSE == 3 (5 =7’ (13)
i=1
SS
2 _ _ res
R=l-g (14)

Ao BREA KR sy 2 HOSE(H  y, AT Y

ﬁ,ss,ebi%ﬁfﬁllzﬁ%n SSmS = Z (yi _3;5>2558101%§
i=1

IRAFEITRSS, = 2, (y,—y) 7,y &y, M. MSE
i=1

R HERME 2300 0 AT L,

SRARIEIIZR4E LIRS R R 2, FTLLE
H SVR BETEAE L B IE I MSE 1 R #REL
T XGB B ik, 7€ DBO B LML )f5, XGB B L1
MSE M 0.226 T [% %] 0.152, R* ) 0.877 2= 5
0. 917 , B TRY {4 FHUIN A B2 ER AT /0N BE ) B2 -, T AR 42
it DBO itk B L4k i J5 SVR B3k 9 MSE M
1. 084 FF&31 0. 028 ,R* M 0. 408 #2551 0. 985, A Al
FILKMEFE T, A0 H AR o %) TS B FAR AT ) 45
A, I H 00K B i XGB-DBO Bl



F 3% A S T DBO-SVR S0k 14 B4R 2 FOM LL Ao 5.

DBO .35 MSE F1 R* 3524 0. 152 #10.917,SVR
L) MSE R R* 43520 1. 084 A1 0. 408 ,XGB 3.7
() MSE F1 R* 43 51 R 0.226 F1 0. 877, 45 % % W]
DBO-SVR il 76 ) i 45 SR s 48, W3 A F T4

55 4 1]
F2 BEBTHSER
AR MSE R?
SVR 1.084 0. 408
XGB 0.226 0. 877
SVR-DBO 0. 028 0. 985
XGB-DBO 0.152 0.917

B 6 Fis -k 4 AT RS %) T 5 5 SXAE 1Y)
XFEE, BT LUR A A AR R B XGB 1% F i 2%
RZLT SVR Hk  (HETERH DBO BikJ5,SVR
F4) PN 235 2% Y 2 8 T B A LSO, DR A i B
£ | {di ] DBO-SVR B2 G

10

~ 5l

gl = XGBFH

~ DBO-XGBHfE
SVRH

— DBO-SVRTiN{E

)}

PPV/em-s™!

0 1|0 2lO 3|0 4‘0 Sb 6IO 70
HEARGS
6 EMEEIFNLE Rt
4 #5ip

FEF A LR (R R 3h T % DBO k5
SVR BvE A 45 4 7 57 DBO-SVR 4 1% 9% 3l 75 ) 6
A, 5 SVR Bk, XGB B35 Ml DBO-XGB 8.3k 1Y it
MZs AR 22 BT R S LU R 4518 .

(1) Fa s DR e 2 o, A 4 X0, 300 B He
KIPFLEEL 5 5 MRFIEAE I AZE & PPV Hi
75 P F A AT 0 T A AR | SR FH B R b AR X 4%
FRIES PPV (WA SCEZEA T 0T, i B e 2 R R &
XHBRE IR B R/ NB S A5 P S B4R PPV T
R SR 2 A R T AR (R PR sh T 4k 2%

(2) FI R L LA SR ) AL A IE N L 2
B, AR T B AR 1) FE A% R B ) 58 gamma
SAGESEGAT IR, T LA KR 45 R AR B )
SIS IR] R 75 ft WAC ST Dl K2 S P R b R
B 4 R T LR

(3) X} Eb43r M1 SVR 3%, DBO-SVR &%, XGB
B DBO-XGB 53325 1 1 4% S AR 224, DBO-
SVR B3k MSE R R* 73514 0. 028 F10. 985, XGB-

BRCAR B A I

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[ &% 30K ]

2R A JER] 4. TR R TR AL A
BJEEE[T]. BHRlFHR 2019,47(10) :24 - 35.

Wz AT, X, 5. SR v SR AT 15 A R J7
AWk EAR AT [J]. P E 1L T AR, 2023,52(5) .
53 -58.

Duvall W I, Fogelson D E. Review of criteria for estimating
damage to residences from blasting vibrations [ M ]. US
Department of the Interior, Bureau of Mines, 1962.
Ambraseys N N, Hendron A J. Dynamic behaviour of
rock masses[ M]. J Wiley&Sons, 1968.

SRR Bt R AR 5. ST GA-BP 4 I 46 %
FRWAR SB[ )] HR6%,2020,37(3) :148 - 152.
YRR, 2 A X E T, % BT SVR MBS IE R0
TSR T AL ], 57 1f T A, 2022,42(2)
28 -31.

BLLL, A& RS2, 5%, BT GA-BP M4 M4 1) 2
T AE IR i P s o S A e [ 1], P E W, 2022,
31(2).72 -717.

Khandelwal M, Armaghani D J, Faradonbeh R S, et al.
Classification and regression tree technique in estimating
peak particle velocity caused by blasting[ J]. Engineering
with Computers, 2017, 33, 45 -53.
Fisne A, Kuzu C, Hidaverdi T.
environmental impacts of quarry blasting operation using
logic [ J ].
Assessment, 2011, 174, 461 —470.

Zhang R 7, Zhu Y J.

Prediction of

fuzzy Environmental ~ Monitoring  and
Predicting the mechanical
properties of heat-treated woods using optimization-
algorithm-based BPNN[ J]. Forests, 2023, 14 935.
XIS . 5% B0 ) 47 280 0T 0 JEL A PRy 91 B B T O S P O
FE[1]. hET L TR, 2023 ,52(4) 124 - 29.

XBLLTL, k4, b, 45 BETF LS-DYNA B v
ALZE LR BB [T]. k3l 5 b, 2017,
36(11) :140 - 146.

Tl BR/INAS I A G IR R R LR B b R 3R
Lot R BT ()], K ,2016,33(4) :27 - 33.
VR A LM KA A STV S A I AL
lhJE AR BN AL R [ ], Al TR %24, 2019,
35(13) :285 -290.



