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Abstract  Slope engineering is a key project in open—pit coal mines. The stability of the slope is closely related to safety production of
coal mines. Slope stability prediction is a prerequisite in slope control, faced with complexities. To quickly and effectively determine
the coal mine slope stability, this paper establishes a prediction model using the random forest algorithm. Six factors influencing the
slop stability were selected as input of the prediction model, including the gravity density of rocks, cohesive force, internal friction
angle, slope angle, slope height and pore water pressure, and slope stability status was selected as output of the prediction model. The
random forest algorithm was used to establish the nonlinear relationship between slope stability factors and stability status. The 30 sets
of measured data were used as training data set to learn and train the random forest slope stability prediction model. In addition, 12
groups of data as slope stability test data were used to test the trained prediction models. In the meantime, the accuracy of the random
forest prediction models was tested by comparing them with the SVM and BP neural network prediction models. The results show that
the random forest prediction model based on the selected six factors has less manual control parameters, simple structure and high

accuracy. The predictive results coincide with the actual state of the slope project, indicating that the prediction model is able to
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predict the slope stability effectively and provide guidance to coal mine slope prevention work.
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RS 2B R KR I TR RSk i 2 | ik
) e R R i g o MR S i ™ I TR K
M H AT RESE Je 20k 35 ) i N R A r=2e 4 fildn, Bk
A FUAK 55 7K 22 1963 410 H 9 H % A= i ¢ e I 2 1 35
SRR 2424000 77 m’, i K29 2600 A\ 24, i T H K
B P HAG  TAEAS S T AR b, 88 KM T TR
Yo B LA EOoK B EE Bk L E K. AR
FE B —A/ NN 3, AT BE 7™ S BLAR I R T AR, 1
B w422 A e R 0 o M B L R ) iR 0 947
B AR PE = KM B K 22—, R e M T TR K
FEOTMTINTE . 2 — , e R TREA M RN, 2w 1L TR %
S PARASLRBES PRI, 828 DR R 100 B3 e e e 00 43 A 2 2
F L TR S A A, g A DR A 00 ) i e S e B A 7
SR B A TAE B AR .

TR P T 43 M B A P RN s M PR
o Mt PR TV F2 B W BT A3 Bk B A
T IEAERT RS e M AT e A s, g s i PR 3R R Ak
SEFIS R SR EGE . AERE M T — L
BHEEYE, INTEG 1R 456 BP M2 M 4% (BPNN) iz T# K
W R e T rp o AERE N TR 2 2 S T R S0 11
WERR , T5 BRI , 17 HL BP R 28 45 125 > 2 36T
BEEE R A, A7 e 124 2 G B A Rl i /ML A s
A LS A TS BE AN R o T4 57 s AL Sk e A T 3
e Mk BT, (S A A S B8, O LA S
A BB R ZARE S . T4 R N RS
Fr1a] AL (LSSVM) FF i e A e 58 i, LSSVM XS F/vRE
AR MR AR R I AL RE T, (02 LSSVM FUill M BE Y 4f
RIS TAET S50 C I RS B o e B, DL - AFF 98 R ERL
3T B RO (RS T AR O T I i fa e
PETROIN 25 50 5 SR AR AT, 8 I i A e TN 1 v
WR T E IR .

BEHL AR ARV (RF) 2 Breiman® 7 2001 4E42 i . BEAL
FRMETL IS S F YR 1 73 2S8R 4R U, B IR AR BT
DL, PR S, B LR Il & T Bagging Al
BEATLARFAE S ORG24 S B, BRI A H A A e &
B, BENLARMR R L HAT 75 B S 1 S8 > ek
JEP N I BE R A R SO s AR R A (RE A
THERASARRAE 72 4325 v o AT E M DA R HLAT SR I P e o
fiE ) SRR S, Tl T DRSRA Th H I A S B G R, AR SCH
BEATL AR MR B ok e S 0 S R M TS AR | i i A A
X AT TR S PR BRI AT VI RN TN , T30 235 SR 2 BA Bt AL
ARARTTLINAR AL AT 5 15 I A

B 106

1 BEHFHEE
1.1 S%E5EEK

4325 5 B (classification and regression tree, CART)
MR E A BA A S0 AE S By IR IH O |
SRR RN AR PR A 2 B B R — b 5338 UH 3 R Y
PR B HTAREA LR 23 R IS TREASE , i A Y TR SR
BB AR T3 A P 3. CART il i A — U
TRF TR E Y, Az B e SRR 2 235 0 1] LAY SR, A
CART i B SR ik

DU & CART S A o TGRS A A R | i fie
)@ T_atributelist 7R o

1) BIEART AN

2) JNAFEES;

3) Wk THERE T A 2 s T B — A AR
R[] N IS R, S T BE R 5

4) 3 JJj T_attributelist PR EPE, PATIZIEPE FI—1
X153 THEA o e R A G R

5) N B JE T test_attribute i T_attribute H f/NEJE
REGCHYEME;

6) X5 THREI T TLFAFHE;

7) XFETHAD, i EE LR 1)~6) .

CART B¥E75 JE B A7 VAR AT O M5 S T RE , X
RN AR OIS . CART B9k 3L Je 2R BfE ok Jm vl
SHHIRRIEE, G TR AR

G(D)=1—ipf (1)

Ko p WREARLE D POT R R TR, X FuEn
JEAT M TR R B R G
D] D,
D D
K (2)H DRI R DA DA T4 XA FAEH IR (D3
B DT Ay R R WAL e R U 6'(D) & AN TAE
iz (2) AFF], X T 551 Jg M — o0 4R ER G'(D) Fe/ M)
—AME A IEYES B —A A 5
1.2 BEHARMEX

BEATL AR AR 2 — P Bl >0 S DL A S i > 3
DA FERASDRER T R . R ) L g
T, S E BRALAS 2% 2] ST I A0 B ) Bl T B —
FTERAE . FEHLRAE L) CART EEA 32588, B A £
™~ i Bagging £ 27 =) B AR YN 245 2 () B S w , 2S5 A FF 47
FEIIREAR T, e 200 53 45 AL S DR SRR 1) B R 2 R
P!>,

G(D)=

GD)+

G(D,) (2)



—t

Rl Sk 2014,32(4/5)

www.kjdb.org

Fifi IL AR M — B B 3 2 A% hi(x,0,,k=1.2,--,n) 4R
G Hrp, Jusr2eds hx,0,) J& FH CART 548 s (A I A B AL
B3 2 TR DR 5 S A ) 65 @, ST ] 431 A B AL 1) 2t
TRIE T BRGNP A A e A 5 BRI i R FH 7 SR 22 B s vk
CEEXT 4328 ) sl B RR AR i H0 45 SR %) f7 57 28 CRE X Il ) 79
], FEALARMSEE T H B (boot—strap ) B REER A, AW
BN ZRFEA TN AS | N ZRAEA AR ) 22> 5 S 4 BB
BUARAR , DA A 104 73 e 488 R4 o3 R R 22D T8 iU 738
i, HAP RN
1) WEIEIIZREHEEE S ={(x,y)}i=1,--+,n) H1 boot_strap
FREA: LR D INGRREASE A FEAR SR TR 2 1 23
YIZRE I
2) B UNZRREAS 8 AR K R — RS 35 R i 14 43 2 )
hio FERF YRR Y s A0 N MANFEAE T BETLERE m DNRHE (ms
M) FERET 5N m ANRRAE AR JE JE R B R R
AT SR . X RR T S A, R SR
SRR R BN, ANHEA TR 1 B AR
3) M HE A B 2 S R A 2 AR R R A B
x50 = 1,0, p (¢ IR ECHE 550 #EA T RO , 43 28 45 SR 4 A~
B S UE & E A (TEN |5 SN W
f(x,)=majority vote{h,(x,)}-\" (3)
A, I majority vote /R ZEHEE , n_tree ABEHLERAR AR
M FEIN SR A rh B RE AR B B B ZRRE AR AR | s
YIS ThASTE [ B A v 1 80 A S5 e ik Ry 4 558
(out—of-bag, O0B) , O0B %4k i FH e I 732 1) TR <, 4
PR TR 45 R T S B AR 1 00B A1t
FEHLARARI) i1 25 pR R
r(x.y)=pOlh(x,0) = y] - max pblh(x,0)=/] (4)
I3t hix,0) SR
s=E, r(x,y) (5)
Aorpr, B S AR SR AR ST A (R 2 R
s=0 , RIETI T FARTEL, X (4) ((5) AT LIS H]
PE <var(r)ls’ (6)
K, pE PRI IZ AL iR 2%, var(r) AR5 SCER[12]09 77
e, 2] LUAS B PRI iR 22 53R
PE <p(1 -5))/s’ (7)
KD, p MK REIIE, § o dEasmnm i . LR
MGE 3 FE RN AL BN LIEBERIE 1 T 0352, S/ IMEAS R
R Z (B A DG, i T 0 R 3
FEHLARMIE it R & 1 PR

2 ZIRFiN
21 BEREMHINEE

5 R A SR TR T B, & — T H 2R
ARG, HRE 2 2 HE Z LG5, TR A A A 50
BE OKSCEAE GRS 3 e B A A SR LUK R R
RN T RGN, Ko PR3 TR S o8 B, X ik

I ‘ bt S
ES

H3h% A% A%
BAEA 27 %N BAEA
#1 i £k
o P w4k
%581 Hedhi 5k
FEHL
FRAR
)

Eyad
2%

E1 BEHLARM

Fig. 1 Random forest
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