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Blasting Vibration Velocity Prediction Model based on RVM
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Abstract: In order to improve prediction accuracy of blasting vibration velocity ,a model based on relevance vec-
tor machine( RVM) was proposed. The nonlinear mapping relationship between blasting vibration velocity and its in-
fluencing factors was established using the model. Three main factors affecting blasting vibration velocity ( explosive
charge , distance and elevation difference) were fitted for training by 36 sets of generated data based on which the re-
maining 5 samples were accurately predicted. The model was applied as an example and compared with the prediction
results of BP neural network model and GA-BP neural network model. Under the same influence factor and data sam-
ple conditions, RVM model has higher prediction accuracy and lower dispersion. Compared to the actual values, the
average relative errors of blasting vibration velocity predicted by RVM are obviously lower than those predicted by BP
neural network and GA-BP neural network , which further verifies that the RVM model can improve the accuracy of

the prediction accuracy and stability.

Key words: blasting vibration velocity ; influencing factor; relevance vector machine; prediction model

BANA TEA SRR BRI 5T BR  TBN AR BA R — AL 2
N AR AR A R Ml - & 45, Hh 0 1
W7 E 87 :2021 - 09 - 26 s " . 5 i it
VEERGA 2 BF1983 =), W 184 2002, TS TR, fﬁiﬁ/ﬂf)ﬁlﬁhﬁﬁj ,*&j(i’&ﬁ’ynﬁl Tmﬂ@( 1:@ ) m%ﬂ’]
s emE féﬁ%ﬁ E;fi 712 ;;(‘;36'53”6);"??%8;8;?#6- e 0 FOE XA B S5 A 7= e 40 Bl DL RO e R B A 3 Y

STRE K [ R IL ; IR I 2 ‘ g = R
’ 2OCXNSFAA1%5912?2020C,XNSFAA297118) . r:zvﬁ ,%‘if;f—;%ﬁ e PRI e 45— L6 15 52 ), (H [R] B3 4 1 AR AE SE B T

Bei /T Q13 AR SRR 4310 (2020) s DI L ) gy A T B R B
PSRRI e 71 202 B T KM,y T W AR 3 K




H39% A1

sk BT, EMEMS T RVM BRI S e i pati AR 169

F S S 7 S AR S 9 1 85 0 R 3
(KE2h e BEE 5) SRS vhE B MR T ik 3l 3k 32 kA7
T, 5 KRR BE s H A e BRI IR S T
SRS PR TR, B R LR

B XS B AR mh R Sl 3R ST )R S )t )
eI Z b R ST IT T R RR G R G R AR
SR ot A0S L4 A I 1 AR Y I i G
oy BT IS T B AR i — 2 o) R G R e A
PR R ST TIRIE . JIF Han 4ok, BEE N TH
RE AT & 8 , AR 222 45 4 HE R R BL A 2 2] T ok
FEENT AN R R B IR 3 B 5 HC R o PR 2R 2 (] )l
AMER AR TP RE T — RIS, ik 1% &
530 3o T A RS R R BT 8 5 e AT AR
PR S I R 2 A A R g T BP
oA, XA B AR RUAIR S SR AT TN 5 A S
S5 3% S B SRR N e/ N 3 SR I s LA T
SHAL 1 ST o AR R S o I 0 A
FRPMEFEPEE T BA RN T ARSI Bk ke IR
BP #2225 A AL L J5 1Y) GA-BP i 25 [0 26 Xof 4% 1l 4
SR AT IO S T R R S S e [
RZIMRFR, BEFE I BP F 2 W 25 BH R
PRI WA 0 3 B 1 AH OC 0] &, {HL BP i 25 [0 4% 4
SRR K B B AR A RHE 2SS X L
WE A e AL o HET I, R AL A B ALY
Pt , R AR Sl B A TR T

FH < M ML ( relevant vector machine, LT faj FK
“RVM”) iyBLeR 7~ 07 I B 32 1Y, 740 3R 2 M2
AT [a] 0 PR AL R T LR R A
A% M) & HL ( Relevance Vector Machine, RVM ) J2& 3
F I H R LB E SR LR R gt e
TR R e B Wi 1, A2 i 22 Pl Bcd b R4
ARRYHLER 0718, BATRG L R G2 AL RE ) s A
PEFII S5IEFA , PR 3 ) FTAE DG ] s ALk AR
HP AR R 20 [ A T E TR S R A 2

S5 BRSEORE , E ST R IR B R 5 A
PR (A AR 2R P B 5 5C 2, 32 Hh I IR 50 3 2 F) A
K (] FEHLITTIASE Y, Sy H 15 41 50 38 32 18 4 RO 73 0
PRt — TR 2 HTiR AR

1 HEXEEV(RVM) ZERRE

AR [] FE AL T DU S B b g — AT 2 )
R FFIE BRI A o AUEHZ EE SUEZS
B o B SL SR BE AR . RVM 22 T DL - H it
B T A 20 (0] VA T AR £ R 3 VI 5 b SRR A
BRARRERY T FLAE A S B 2 AR K 3%

AT I AT Z B8 AN AR DG 14 5, AT 20 1 45 80 (1) 1
S, ORI R T OO BE AR R T
WAL L A tx, 0, In =12, N} ,x, TR
T INRAREA S AMEL, ¢, F73 ST 73 A i
A x, 5, WERBOC R
t, = y(x,30) +§, (1)
g, IREBWRL &, ~ N0, 0™) (B s 17 e
P o R BRI T A (2) 2 R
g
p(1,1 x) = N[, y(x,),0"] (2)
K ee, RNBRF y(x,) Fl o’ T e, EH
AN HAHE ST (), I ZRFEAS S (AR ER R 20 RT
TAER
2 N 1 2
p(tl w,07) = 2mwo™)? exp{—ﬁnt—d)w I }

(3)

Ao =lw,0, 0], JFH & & Nx

(N + 1) JEFE, o, i 2S5 A ER 0, 2R o
4 e oA, AT R 2Uas

Plwl a) = HN(w,ll 0,0 ") (4)

iﬁ*:ﬁ%ﬁa: [a09al7“"a;\“‘]ry/l\ Q; %B

——XF N @, , G Y A AR B 4 R A5 2 S 5

G341, 1 (3) 2B E N ZRAEAS S (LA eR B, R 405 D

YT IR PR A o, P15 35 5 A R A T

_ Pl 0,0 )P(w,a) _
P(tl a,0)

(211_)*(;‘\‘41)/2 ‘ Z ‘erxp[—%(a} _ m)/z *l(w_m)]
(5)
Xpim =0 Y @, = (7D +4),

A =diag(ay,a,, - ,ay) G B IG15 ERIIR R
BOTHUL TR FRE

P(tl a,0?) = jp(u 0,0)P(w! a)do =

Pt w,a,0°)

2m) ™| c| " eXp(%tTCHt) (6)

K C=0'l+@A™' D" ,C Ry, Gidit o
il o SRARSHL, AHAE R 0, AIEE LU AT

@l = (7)
2
(G_Z)new — t_¢\H (8)
N - zrl

AP TR i DRI, 25 A



170

ik 2022 4£ 3

EXHAL EICE FEH R, m WY (b
PT35S % 1 B K 26 PO U8
1k ERA R R A B AT RAE T O, 3 1 5 56
OB S (B RVM BRI R

2 IRERHRENE ERAR K [ SV R

2.1 HEEANHE

bR 5 7 52 Z2 T R M 281, o ik
B Z 0 R 2, Ok F RV ASE 0 8 57 4% 10 % 3 3
JE 5 H MR R 2R 22 B AP A OC AR o MR SR
CUT RO 25 i B R R 25 SR iR B 3
E B PR R AR O i AR | R D sl AR D
R SRR S AR AR SR DL 1o dls RVM []
U PRI AR (Y J5 3L, ST B T RV ) 458 1 4k 5
JETIMAETY, A&l 1 P

BT TR SE ) LAY R AR Sl Bt A
Fig. 1 Blasting vibration prediction model based

on relevance vector machine

2.2 #HEEZBSE

(1) FFSCERE 11 ] AR i 3 ) A DG B dls , I
XPECHRIEA T TR AT A9 SEREA SR i 3 A
F B PR AR e AL, (B SRR B U
N T IHBR BRI RSO0 RVM BRI FUIRCR 1Y
SO, TR R AT AR UE AL AL B, PR AL A PR =
T HH o, FOREIA R P AR

a;, = x;/s,b, =y, —y (9)
Eve
s= [n 1_ 1 ; (x, —x)] ’x:%;xi’y:%;yi

(2) DAFRIEAC AL 3RS i A K8 Fid o B
Bett, @ STNGRAETE TG I 2R, 15 B0 R AL TR0 2
BRI TIHE, FIBGR > Bi A Ry~ TN R, A
REAS A S 0 i, )T 2R 5 30 ok R 47 40
B2 T B A P TSI AR L T YRR, | 8
I PO 5040 4 A4 LSS PO (A 7 0 LoRAR B A

TP IR BERIRCR o

(3) iz FH A ST AR 4 A S o] ek AL AL 75 3 Fo0 0 25
R i B AT AR AR TS P B 4R
P LSRR R 22 1 DA A S8 ARCHI , AN DB ) 8] 8 B o
BT A R S BRI 7 o R s AR
M BRAFAT G IR0 BRI ) RVM A

(4) T PR AT 50K BRI R B (L =
KCRORTIE , LAt RV J3 00 A58 78 6f 5T 3000 A AS 2B 45 15
I3 o 30 I R REAS S-S5 FH S P (LA 7 221
EAR IR LE o0 A (AR R 22 CE R X IR 2255 , ok
e UE A A7 AR 14 RVML F3TI0 AR 2 70 LA o Aty P
APRETE
2.3 RBERISY

AR Yl e Y R T T o AR AR B
PEATRETETTIN Fey o JFC Py, o 0 B 38 ) U &4 SR A
BERFEIR 4 B A NG 7 i i, 2K
TN ZE R 22 0K, i BUE B G T R, 2
XY Hh B P e T R, A5 D7 ik Y AU 1k
AR s SR A QUSRS LA D R e e S P A 26 18 2
BB/ IV TR AN B AR SO 2L RS 2 205K, 3 5 1%
FRUCBUSON BOR BB, PRIEFR P BEOS LUK FE W s

HT RVM FEA JSURA] LUAG - 45 & R il Ak 3
JE TR T ) e T A% SE L D o = 0. 3 1, J5T0 B A
SBT3 o 8 1 2 AR ROk A i e ]
Zx, MR 200 B, FEN(EF S E - A
XHRZEN 2. 71% , I8 T i/ ME

3 NMARMELH
SUISCHR [ 10] g 41 2L Wi 3 T 0 5

HEALAL PR KT 31 N REAAE I GRS B e, e
5 ASFEAH TN EE 4, O 5 SR 11 ] g A GA-
BP Hf1 25 [0 £ 45515 1 BP 4 22 [ 2% 45 2] %) 503000 4%
HEATREEG , ofe B8 UE TR I % RVML 4SS 7Y (1 o A 4 1
BT R P GRFEAS PR U A S 5L
e ARUE, F 7, RVM T ASE 7R | o 0 AR a0k £ 7
O, A5 2% 2.3 BoR, R T SCEk[ 11 ]
BP J1 22 [ £ A5 70 F GA-BP 1 22 [ 2% 5% JF [l BE K 4
(OTFIN 25 5 . 45 5 587 RVM BB 15 3] (AR Al 415 50
T TIN5 S o (1 22 30 3 o, L vl g R 1 A %
BRZELE B A T ) 40 S AEAS 1115 0 2. 80%,
T3 3 A F GA-BP 1 22 W) 4 455 50 75 3] 1 S ok I 3
R TN B Fpe KA IR 258 37 SR AR, 3K11.88%
FIFH BP i1 2 o) 45 5 70 45 381 (14 o A1 20 3ok 38 000 1



H39% A1 sk BT, EMEMS T RVM BRI S e i pati AR 171

B f R AN IR 41 BAEA, 53K 29. 81% . PLKFIX R 2 BAEREIRTEREhE EFNE R 45 R R SSIME R L8

T TR TR () A% T AR A 45 SR AT BT L, Table 2 Comparison of predicted blasting vibration velocity
ﬂﬂ ) ﬁnlﬁl 3 PR and measured values of each model
i BB BPHZ  GABPHIZ  RVM
1 BREBIRYEEMHIERRYERE TSR MBI MGG B
Table 1 Influencing factors and data sets 37 4.5 4.97 3.97 4.62
of blasting vibration velocity 38 1.2 1.42 1.18 1.23
N R/ 39 13.0 14.21 12.93 13.35

4P 1 ) } =7 =a =]

i ME/ke BLE/mo @EEREmo R 40 1.6 1.65 1.53 1.64
1 19.0 41.0 5.0 4.10 41 2.3 1.61 2.06 2.36
2 14.0 45.0 4.8 2.30
3 10.0 46.0 4.7 1.25 x3 ENEIYBRHIRSEETINENENRESRILE
4 16.0 43.0 5.0 3.00 Table 3 Comparison of relative error results of predicted
5 19.0 26.0 2.0 9.70 values of blasting vibration velocity of each model
6 12.0 30.0 2.0 2.00 o BPAIZERIZE  GA-BPZI4E  RVM AilAS
7 150 31.0 1.9 2.80 T ONRRE/ % AIRHRE % RE/%
8 17.0 28.0 2.3 4.00 37 10.43 11.88 2.73
9 15.0 30.0 2.0 2.50 38 18.29 1.68 2.74
10 28.8 25.0 3.0 9.20 39 9.29 0.56 2.67
11 12.0 26.0 3.0 3.00 40 3.15 4.21 2.80
12 25.0 28.0 2.8 6.00 41 29.81 10. 65 2.59
13 17.0 29.0 3.1 2.00 16 -

14 28.0  16.0 0.0 3.00 s} . RREE
’ i = BP A 22 I 4% 15 0 {E

15 15.0 15.0 0.0 1.25 g 12 - GA-BP % 2 UM
16 12.0 38.0 7.0 2.50 iiP( 10 | = RVM T4
17 100 36.0 7.5 2.00 w8
18 9.0 42.0 7.0 1.00 EZ:
19 11.0 63.0 0.0 1.70 @2_
20 10.0 60.0 0.5 1.60 0

37 38 39 40 41
21 10.0 70.0 0.0 1.50

LG/ R
22 31.2 26.0 5.0 5.02
23 16.2 29 7 4.8 1.25 B2 25T N A AR A iR 23k 3 5 SR L A
24 250 23.0 5.0 3.90 Fig. 2 Comparison of blasting vibration
25 31.0 25.0 5.0 5.00 velocity predicted by each model
26 20.0 280 5.1 2.30 30 -
BP 1 25 [ 4 T {6
27 3.0 46.0 3.0 4.10 25| s
28 16.0 51.0 2.7 1.80 o Rk L
< 20

29 24.0 43.0 3.0 3.70 B
30 20.0 40.0 3.2 2.90 Sg 15y
31 30.0 26.0 5.0 15.70 g 10
32 28.0 24.0 5.0 12.50 51 II
33 29.0 28.5 4.9 14.00 0 L ull. -1 L

37 38 39 40 41
34 30.0 46.0 3.0 5.00 e
35 28.0 44.0 3.0 4.50 ) .
37 2.0  45.0 3.0 N BRI DR 2 LU
38 15.0 14.0 0.0 s Fig. 3 Comparison of relative errors of blasting
39 28.0 28.5 51 I vibration velocity prediction results predicted by each model
40 17.0 50.0 3.0 GGRidil! "

2. &3 AL . Kl RVM I AE | i

A O IFE 2 81 3 AT BL th P RVM B 14 51

A PNE - SE M {EL A #2E FE BE W I 5 T BP #h2 K



172

M

2022 4£ 3

L5 A3 B U 25 S 5 SEME ) R R, UK 39 5
FEA BT A GA-BP #2848 43230, (H AL AR 11y
TN L BP b 25 [ 25 Fl GA-BP 1t 28 ) 45 HR 458
U5 BRLE A LG T BP 22 (28 RN GA-BP fifi 22 %]
LRIl AT AT A RVM BTRYRAS i) Tl 45 21, 3L
FERE A Ry, Bl PR 22 ARE F138 7
2% FMSE 33 P 448 B A B 1A 0T B sk 79 o A 76 o
TN RS BE BT ECNE OL, A AT

ly; — il

l n
ARE = —
n 21 ¥

x 100%  (10)

_ 17 : ot 2
FSME = \/n L;(y,- yi) (11)
Aoy SEIE, v, JETINME, n SHEEARANL,
gEIR K4,
T4 BNENEBIRDEENEFHETRERBAGE

Table 4 Average relative error and mean square

error of blasting vibration velocity of each model

e SRR AR B
A
ARE FMSE
BP 1 £ j] £ 455 ) 14.19% 0. 670
GA-BP i1 22 [ 45 A 7l 5.80% 0.260
RVM %1 2.71% 0.068

Hy e R 25 S AT A1 RV AR S KR 4R 5 ke
JE RTINS SR A A 1R 25 ARE U2, 71% , 1
J7 7% FMSE 2y 0. 068 5 171 F1 Fl BP i 22 o 45 1L 7 Al
GA-BP fifi 28 b 25 150 4, HCSF- 2 A % 1% 22 ARE Of
14.19% #15.80% , 3777 FMSE % 0.67 .0.26, N T
SN BT X L RVM RS 55 BP i 25 o 258 455 750 1
GA-BP M2z P 28 465 Y () - K AR 0 1R 22 ARE A1y 5
22 FMSE, &l 4 4nf&l s fizs
14.19 m BPHIZ %

= GA-BPMIZ K%
RVM

ARE
B4 &R AR R 22 HU AR

Fig. 4 Comparison of average relative errors of each model

HA TGI8 2 P B AR X ik 22 ARE, 362
Y977 75 FMSE, RVM A5 R B AfE T BP 1 23 [W) 2% 45 7
I GA-BP S22 P Z8 R0 o ARG XS LEAE R 15 A 3C
et 1R R BRI 0 o TN 114 A O i) USSR, AT L

T BP B2 0 25 ST A B A GA-BP o 2 00 5 45 Y
RE AT B B e B A R AR 19 B AT
MBS HCE T /e i — 2 U B RV S0 X 3900 4
PEIEA TP 7= LR O 45 RS R Bl AR 1Y, R 22
TEAEZ WML I

0.8

0.7 0.67 u BP 2 RI%
T u GA-BPHIZ M %

0.6 RVM

0.5
0.4
03
0.2 |
0.1}

0

FMSE
K5 AR T 22 A

Fig. 5 Comparison of mean square deviation of each model

4 ZHie

3 H PR TR O 17 WL ) P BRI 0k o e
RIP) 36 2027 2 B N GRAR |5 20 T0 £hcai 1 o
IIEAE , HAE I % RVM A5 A 45 21 A 15100 5k
R IR LRSS

(1) SRS L 2 % Z AR SC R I N R
SO, TS S A P RVIVL g8 1 I 51 i 2 900 A6 78 ]
DAF ) &2tk 22 ) 1 2 M 1T A A gt e, LA [ )
FEABE 25 E T RVM BRLARAS (Y B0 55 S ()
R BE ey, LA B Y U AR 45 R S A5 0
Ab, RVM AR FIIN 45 SR 1K - PR 22 [ 375 224
LT BP 1 252 o 5 A5 TR T 1 GA-BP foft 222 o) 28 54 71
a2 Ui B RVM AR H ARG BE & L 2 U
/N AT, S REE A S iR B B4,

(2) FIFH RVM 45 21 f) £ A5HiR 3 i J32 1 0] 46 7
REAS R M S BT R AR Sl 8 B (9 TN, EL45 R 3%
W1, RVM B[ S 249 A0 X 3= 22 A8y 5 2240
2.71% ,0.068 , LA RVM AR [i) e AL B 14 T (L
5 S P (L Al 2 AN K, JHC TS 2 2 m] 5 A
e 3 5h, Jaie BT (B 5 52 BREGT it J2 37
2 SRR 22 RN L, RVM BRI AR R 47,
HAE RN TRERRE XL

(3)3d iR RVM FNAE T BP o 22 [ 28 15 7
PEINFT GA-BP M 22 P 4T EA T X L, 45t A SR 1)
e AURRE Y R A 52 P TR AP REA 1 21 S 4 ) T 8%
R S I VS N1 A N 7 N R
TR 2 4 B R BRSE, (EN R H T Z Y
ARBRST 5 R N TE , FEAR AR A A AR, T h A



H39% A1

sk BT, EMEMS T RVM BRI S e i pati AR 173

FR TR 45 R SRR B SR

[2]

[2]

[7]

(8]

% % 3Tk ( References)

T /INA . MR FR St T 408 30 A R4 1 i 3l i) i T
DLIT. T 25 )5 AR 4R ,2021,17(2) :580-589.
FENG Xiao-dong. Prediction of vibration response of adja-
cent buildings by subway drilling and explosion method
[J]. Chinese Journal of Underground Space and Engi-
neering,2021,17(2) :580-589. (in Chinese)

THEOB XA A R TR S S RS )
SEMNEIFSELT ] R 24, 2021,38 (1) :367-374.

YU Jian-xin, GUO Min, LIU Huan-chun, et al. Vibration
mechanical response of freezing pipe induced by frozen
soil blasting in vertical shaft[ J]. Chinese Journal of Ap-
plied Mechanics,2021,38(1) :367-374. (in Chinese)
IR VN TR P/ AN TN RN S L STER
S TR B RS [)]. BUACRE 1 £ AR, 2021,
58(2) :228-237.

ZHOU Han, SUN Cong-huang, QU Yan-dong, et al. On
smooth blasting technology assisted with short heading cut
blasting for tunnels with small sections and long steep
slopes[ J]. Modern Tunnelling Technology,2021,58(2) .
228-237. (in Chinese)

B/, R KBRS T 5 0 R RS
W& T (A ) SRR S A R A [T ] Bk R 5 TR,
2021,21(10) :3958-3963.

YANG Xiao-lin, CHU Si-yuan,ZHU Huai-bao, et al. Blas-
ting vibration propagation of long-span tunnel (adit) based
on damage accumulation[ J]. Science Technology and En-
gineering ,2021,21(10) ;:3958-3963. (in Chinese)
R, R KL, TR B BRI /N R G
PeahNi o [J]. 4k ,2021,38(1) ;116-123,139.
LIANG Shu-feng, LING Tian-long, LI Chen. Blasting vi-
bration effect of small-spaced tunnel at great wall high
railway station[ J ]. Blasting,2021,38(1) :116-123,139.
(in Chinese)

X /N SR 408 T R R X A 2 S M ) A UL Y
[J]. 1% ,2020,37(1) .81-86,93.

LIU Xiao-guo. Numerical research on effect of blasting for
stability of chamber[ J]. Blasting,2020,37 (1) :81-86,
93. (in Chinese)

XITEZE AP )G WIREDY , S5 BROE R 200 51K BRI i
PR FNIFREE w5 il [ )], BoE TR = 4, 2021,
38(3) :65-71.

LIU De-jun, ZHONG Fei, HU Qun-fang, et al. Innuence
and control of tunnel underpass on vibration and cracking
of diversion tunnel [ J]. Journal of Railway Engineering
Society,2021,38(3) :65-71. (in Chinese)

e i, AR TR SO A B T i R A AR

[10]

[10]

[12]

[12]

[13]

[13]

[14]

[15]

[16]

T A A4 P Sl W (R O A SE (]. rp R 4
A el AR ,2021,17(5) 123-129.
LIANG Rui, HU Cai-zhi,ZHOU Wen-hai, et al. Research
on prediction of peak vibration velocity of buried pipeline
under blasting load of tunnel excavation[J]. Journal of
Safety Science and Technology,2021,17 (5);123-129.
(in Chinese)
LG, BT, FRIR A, 5. BT BP 22 0 45 O Ak
PRIR S BT () ] F#p,2018,35(2) :177-181.
PU Chuan-jin, GUO Wang-lin, QIN Xiao-xing, et al. Pre-
diction of blasting vibration velocity of pile foundation
based on BP neural network[ J]. Blasting,2018,35(2) :
177-181. (in Chinese)
RSO, B AR, WYL 2. BE T ACOR-LSSVM %3k
IR BR B4R 20 B F [ ] R, 2018, 35 (3) : 154-
158.
ZHENG Hao-wen,ZHAO Gen,HU Ying-guo,et al. Blas-
ting vibration velocity prediction based on ACOR-LSSV-
MA lgorithm[ J ]. Blasting,2018,35 (3) :154-158. (in
Chinese)
IRERMG A RIS 25 G5 1 GA-BP 1 22 [0 25 X
SRR T[T ] . 4840 ,2020,37(3) : 148-152.
GUO Qin-peng, YANG Shi-jiao,ZHU Zhong-hua,et al. Pre-
diction of blasting vibration velocity using GA-BP neural
network [ J . Blasting,2020,37(3) ;148-152. (in Chinese)
W, B 5030, MOk R, S SOt R RVM LE il 45 45
e A R SE SRR LT ] AL TR 5 M L 2016,
52(19) :201-207.
WU Pan-pan, XIA Ke-wen, LIN Yong-liang, et al. Im-
proved RVM based research and application on lung
nodule detection[ J]. Computer Engineering and Appli-
cations ,2016,52(19) :201-207. (in Chinese)
4, B it £ DG AR G 1 AL A 0 285 428 1 2R
GUERAEFIIARE ()] ARG LS d 740K, 2020,
42(10) :2348-2355.

SHI Wei-guo, GUO Ming. Variable sampling period
scheduling of networked control system based on whale
optimization algorithm relevance vector machine [ J ].
Systems Engineering and Electronics, 2020,42 (10) ;
2348-2355. (in Chinese)

TIPPING M E. The relevance vector machine[ J]. Ad-
vances in Neural Information Processing Systems, 2001,
12.652-658.

CHEN Si-yu,GU Chong-shi, LIN Chao-ning, et al. Multi-
kernel optimized relevance vector machine for probabilis-
tic prediction of concrete dam displacement [ J ]. Engi-
neering with Computers,2020,37(3) :1943-1959.

K BIE, BB AR, H R AR G IR 1Y AH G 1] & B A
[J]. tH AR T/ ,2020,36 (1) :212-221.



174

2022 4£ 3

[16] ZHANG Yan, KUANG He-wei. Relevance vector ma-
chine model for earthquake magnitude prediction[J].
World Earthquake Engineering,2020,36 (1) :212-221.
(in Chinese)

ik wE,E R RTI. BT A S B LAY TBM i
HEEEE AL [ ] ], B BEGE £ AR, 2020,57 (3) -
108-114.

ZHANG Yan, WANG Wei, DENG Xue-qin. Prediction

[17]

[17]

[18]

model of TBM advance rate based on relevance vector
machine [ J ]. Modern Tunnelling Technology, 2020,
57(3) :108-114. (in Chinese)
GEO R C,SAMUI P,KIN D. Estimation of monthly e-
vaporative loss using relevance vector machine, extreme
learning machine and multivariate adaptive regression
spline models [ J ]. Stochastic Environmental Research
and Risk Assessment,2016,30(6) :1769- 1784.

EL it A

(L#% 74 )

(2) 5] LS-DYNA BRI AT, XLk iy 2
Tt T SR A PRSI 155, & R L vy g it 4 b R
EREESISR A IRIEE, &l TR, BR
(1) o 5 ) o 2 245 T =0 s AR 3P T LA S R R
(ECHEEESTER 133 =2y SO

(3) BB T ARSI UESE T LA Wi it T 5
SRR T Z T BRI T 28 1L B i e 5
[, i KK T ORI 29 1t AR

53 3Lk ( References)

CU] XU, BRI, J 7 0, 45 kT8 A 1 A AL AR
AR T ] AR, 2019,25(1) < 7-12.

[1] LIU Di,CHEN Zuo-bin,ZHOU Yu-feng, et al. Numerical
simulation for cut blasting technology based on variable-
diameter holes[ J]. Engineering Blasting,2019,25(1) :7-
12. (in Chinese)

(2] sREHE, 5k B BT, RIKSF. BT LS-DYNA [ R AEHZY
SR SR E R AL [ ] ol BF 58 5 T K, 2019,
39(6) :136-140.

[2] ZHANG Xu-jin, ZHANG Chang-suo, SONG Shui-zhou.
Numerical simuiation on the adcantages of shaped charges
structure based on LS—DYNA [ J]. Minning R & D,
2019,39(6) :136-140. (in Chinese)

(3] Bk, SR, W R H4 Jm 07 1L AR 18 Ji 0F 48 1 4
WAL B[] #42,2019,40(12) :27-31.

[3] RUAN Shi-kun, , HUANG Yu-jin, , LAN Xian-ling. Opti-
mization and application of cut hole blasting for roadway
excavation in a metal mine[ J]. Gold,2019,40(12) ;27-
31. (in Chinese)

(4] i, v W L A0 e J] 3 AL Al g I e 24
BB LN LT ] A ,2020,6(6) :79-86.

[4] YANG Pan-lei, GAO Feng. Numerical simulation and ap-
plication of air-decked charge in periphery hole of mine
excavation| J ]. Mondern Mining,2020,6(6) :79-86. (in
Chinese)

[S] 5k g, XHiIA: i B2, A 36 T R i 2 He Y

[9]

[10]

[10]

KA INEMLE T ], P ESE,2020,29 (11) £ 147-153.
ZHANG Li,ZHAO Ming-sheng, CHI En-an, et al. Appli-
cation of mining method optimum selection based on un-
know measure theory[ J ]. China Mining Magazine 2020,
29(11) :147-153. (in Chinese)
SR, R, AR EE, A SRR L E IR SR
JETE G R S Hepr [0 ] #85,2020,37 (4) :48-52.
CHAI Xiu-wei, LI Jian-guo, XI Ben-jun, et al. Formation
process and analysis of cavity by burn cut with equal vol-
ume empty hole [ J ]. Blasting, 2020,37 (4) :48-52. (in
Chinese)
PREE, IR SRR, 2. TRERR Sh2m T 5
1B B TERUHASITE [T ). & Jm AT 11,2021 (4) .
70-75.
DAI Bi-bo, LI Huai-bin,ZHANG Shu-jing, et al. Numeri-
cal simulationon stability of surrounding rockin deep hard
rook tunnel induced by mining [ J]. Metal Mine,
2021(4) :70-75. (in Chinese)
SRHRAC ARV, AP, % 38 1 AL % 40 P K 200 4L
BUERPLLT]. R 3h 5 vhit;,2021,40(11) :154-162.
GUAN Zhen-chang, ZHU Ling-feng, YU Bo-lin. Fine nu-
merica Isimulation of row-hole blasting in tunnel excava-
tion[ J . Journal of Vibration and Shock,2021,40(11) .
154-162. (in Chinese)
Fok, B FFE, EAR,SE 1T 1L R TR R
ZRARALFTE [T ]. 9716 T ,2021,41(5) :36-40.
WANG Yuan-lai, SHI Xiu-zhi, WANG Fa-min, et al. Opti-
mization of blasting parameters of burn cut in underground
mine[ J]. Mining and Metallurgical Engineering, 2021,
41(5) :36-40. (in Chinese)
TR, 7k S i B 2 A BT 4 A AL-TOPSIS
MR T e[ ] 20 TR ,2021,46(2) :65-70.
FANG Cheng-cheng,ZHANG Yi-ping,CHI En-an,et al.
Blasting scheme optimization based on combination
weighting-topsis [ J |. Highway Engineering, 2021,
46(2) :65-70. (iin Chinese)





