5 3055 1 ARG LREER STk Vol.30, No.1
20104F 1 H Systems Engineering — Theory & Practice Jan., 2010

&4 E: 1000-6788(2010)01-0145-06 RS AE: TD745.21 AR RS A

Elman 5 BP #R2METET HkiREF15P 805 A
BXE B 4 RIXK & B

(BRI ASE FREFETEER, 4 230009)

@ ' M7 Elman WA W% 5 BP £ W %, DA — K7 H 6, 27 A Elman %5 BP K
%, BT T AN FIAE DRI LR AA IR, 526 4 KK Elman WAKE L BP HA#A
AEAERNANRE, ERNEHRIZ, EHNIHT KR RFNE, HT FXREHRER/T —F
DS e

KHE  RAKIE; Elman 4 2 W % BP 4 42 W %; #| 5| # A

Comparison of application on Elman and BP neural networks in
discriminating water bursting source of coal mine

QIAN Jia-zhong, LU Chun, ZHAO Wei-dong, PAN Jing

(School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract The discrimination of the mine water-bursting source is deemed to be a basic knowledge for
the water control in the mines. A speedy and precise discrimination is of key importance to the safe
production of the whole mine. This paper introduces Elman neural networks and Back-propagation neural
networks. Take Xieyi mine as an example, establishes the distinguishing model for water bursting by
Elman neural networks and BP neural networks with groundwater chemical characteristics, respectively.
Experimental results show that the Elman neural model is more precise and faster than BP neural model
in discrimination. The Elman neural model could better respond characteristics of groundwater systems.

It provides an assistant means for decision-making to prevent water-inrush from coal floor.
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2 FREMERE

LML e R R BTAL B IT (MZoT) BARGEREM LA LS. o T BRI AR, TERR &R
WA AERE b, SR H T MM HRL (HIE, S2bn AN IFRR e RN DIRE, HIEXt s &k
SEATIEPMISR . ML, A2 45 A 15 S AL E i M2 e A BAE R SR SEI, U515 BRI
R A H A AT B AR FRZ N 4 02 S AR T &t e B B R By sh A b 72
25 [ 28 AR v 2 B T v 2R 2 P 2 R S AR BB R I 405, T Tl R 2 I 2 R B L2 BP W45 I
AR 25 ILAYAE Elman #RZERZ5F1 Hopfield fH42 M 2%.

2.1 Elman 224

Elman ffZM %5 /Z Elman T 1990 442 1 0, ZBRITERTHR NS MBS B in—MRER, Eh—2
BURTF, BERCIZH B, T R EA SNV RERRE ST, REE B N IS R R A RHE.

2.1.1 Elman 22 ME4EH

Elman BI[EHMHZTME KR 4 B GAR. FEZE (BER). REEMGHRE, mE 1 s, H
WMAR. BREBEMEL BRI TRTE M, ARSI (GESE S EMmER, il B RociELrtm
BAER. Ba& R BT A5 1% 5 BT R I PSR R AL, AR LR XA A LT SCUREURS R, B ARICIZER
E R ICHT— IR E, FTRUA N & — A BT Y. Elman M4545H WA 1.

k
- y(k)
w3 z(k)

RER

E 1 Elman H&EHITEE
Elman R[] [T #HZICM 4 B FE sUZBR & B 0040 R R B2 ER S, HERBIRE 2ME A, Xl
15677 20 R 7 SRS B R B A BURYE, IR BT ARG I T W28 24 5 b PR30 355 BRIRE ST, A
TR T ShASEER Y B RAES L ERR A EEE, et R e rast, ARERTiRe =z
HI— 218940 R, X TR0 1 N K TR Z T AR, Wb T R riRE.
2.1.2 Elman #ZMEHFILIE
PIE 1 A4, Elman W28 HFELHAARE = HFRBHN:
y(k) = g(w’z(k)), (k)= f(w'zc(k) +w’(u(k —1))), @c(k)=z(k—1).
HAr, y, o, u, xe S3RIFRAR m G i 45 s i, o 4R BSE ARoT L, » 4B A 0 4ERBUIRAS L
w3, w?, wh AHIFRAPEBEREE R, GARRIFEZ, RERRFEZEEAUE. 9() AT
12 iR, PR EIEA S () AP RBEMETTHER R, WoRA S K%L
Elman W%t R BP FIEH#ITEIE, %3] i&ﬁ@%&%ﬂi RETFITAIREL
BE(w) = [ys(w) — Gix(w)],

k=1

Horb gk (w) S Bkt i

Elman #2245 5] FLUCR R AL R B6 B T REG0E, Bl B a5 ) s R 3 sk BE T R S & #5 3
%, BREREIR M MBI IIGRAE, REAREMH M B AR NG, 22T B Z Mg Lk b {E S
iy B AEAE W ZERIBSAUE AT RE, 5 M %5 E AR /.
2.2 BP {4Z2M%E

AN LHZ M4 (ANNs) #6772 F &R, 20 th42 80 4E0AHH, David Runelhart, Geoffrey Hinton
1 Ronald Williams, David Parker, YA &% Yannn Le Cun 4337 & BT BP &k
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2.2.1 BP ML

BP M4 2—F e RR R Z R AT M 4%, HAminiE 2 frs. mIEa i, BP MEE—MEA ==
JZUL ERMZR S, MR, PEZE (B2 MR L TRZMEHReER, mgREMasty FMitE
B 4RI RARMA MR, METHBIEENGA R LS PR ML R LR, 5 RS HE
TCARAT MG HTE AR R, B TR, TR/ B AR 9 SEpRiR 2/ J7 1, I R ead & a2 2 R B IR 4
HEEAUE, BJREERAR, XFEREMNY REZWERIEL", B BP 573k MR X MRS R 1 2 IE AT
BEAT, W28 X A AR BB LE B R AR AT L7t

HRAFAUR R RS, BP W25 #1238 e BB R AL AU W 3, BT AN REAE AR A% ) 45 P i (BRI
B WHRA Sigmoid BIAXTEL, IEVIREEFH LRI i TR RO AL Ty, BrUAXET BP 4%
K, —I7 T, Bkl i KR PR — 2t oy, T i — 2t Vi 4L sy XK, B AT iy il
T, R B FE AR 50 DS, AR Pt LU RSl e BEAE 53— T, W28 T AR TR TR
AT, BUEB IER =X 123 9.

o BN > —un
{1@4’} < ...... > ',4>y2
Tn = > :7 Z S 7: 7: > Ym

E 2 BP W&4LHrsE
2.2.2 BP W&z
P2 28 I I Grad B SEhp Lo B — RN BROR SRR . e T B, IR B A\ i th (R A
iy 16
BP #0425 0 4 3 i R AR 22 I e A R B Ba & B SRt S BAEE. BR B T MR A T S 4%
AR RAE R e/ MU i R ?ﬂ?éélméﬁﬁil%l%&ﬂ@ &
E =35> (Ti— Ox),
Ty F1 O Z370J2& B AMEF S Hi{E.
o6 BB T AR 1% DU S Ao o AR 2 AU AN

AWij = —n x ;VEU’
Hrr n B3 &K, OF/0W,;; B FHIFER:
OF _ _sn. gn-1,
ow,, 01
o BN B RE

AW, = —n- 07 - AP
XH, B A GEEAE (W) X, oF RiREMS, T LA HESRAE j R AR Riis
JC. IR j EsnthBrssst, 4
6 =(T; - Y;) - Y; - (1-Y)).
AR 5 RS RrMEIT, W

- Hp - (1 — Hp),

;= {Z 6j - (W_hy)n;
XHE H, RESEOEE. &5, EEME T E T URE R 7

Wi =W+ AW =W o0 AT
BTN RERATT, il )z, E5 L mr 5y, X2 TIEE SRR, EE5H
[T 36 o R I 8 LB B R AR Y, B — R AR e PRES FUEA T — Bt IR ek 2
RSB, M N R 5 R e fg .
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X 285 14 S - 0T B ) 2 [ 2 (R N IR E S, IREE T h T G2 R AT, XIERE
SRR . TEREE T X IE R R, WA RAUE b RE R TI . B AU AR I 4%
Fy SERRA S BRI ).

3 TEEMEKIRFIFILIR KEER IR
3.1 #FiRit

FATI) P R mE A R A i — S A K B kA T
4. FIBIERER T WA T KRR T
(Ca?t, Mg?t, K*+Nat, HCO;, Cl~, SO3"), ¥
IR HEERE. —IAR AN —IEHR 44 DKEESRK
FHORL, RARRE] AT 20 4F. BEALIE 33 MERIIZH:
A%, 11 AMEAHIBIHEA.

I RO LR B — T, ERRE R, A
WA, M5 MAT, AL A e, &RE ‘ ’
A 4400m, HFR 9.25km? (WA 3); HEEIREZE 3 BIRERAHRAETEE
7 C13, Bllb, B9b, B8, B7, B4b, A3, A1 4. HETFREIGE, HEZEFKEGKEEEARERD LR
KR BRRD ), ARAZRFERIGEREKE KK). B R RKAEREKZE (BIK); BRI
K, B0 TERZKE BB B, 1 TR T RS B RR T EERKAER0R, HI, TR 2 1K
P FFAE R H KK TR PR FI A B 5 K.

e \\
"\ Ij\\'
[ N 3.

Is

xR 1 FFEXR
i Ca** Mg>* Kt 4+Nat HCO3; cl- S03~ TDS pi et
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

34 7.41 3.16 346.69 674.24 53.18 121.83 869.39 PERTE
35 3.81 2.31 294.04 638.24 46.8 59.27 725.35 WA
36 3.81 2.31 294.04 638.24 46.08 59.27 724.63 WA
37 1.40 1.46 233.58 444.20 42.90 52.07 553.51 PERTE
38 5.21 1.34 252.43 508.88 51.05 67.91 632.38 PERTE
39 63.93 30.39 48.53 389.9 28.01 30.05 395.86 KK
40 88.78 26.62 12.42 357.56 26.94 25.93 359.47 KK
41 85.77 28.57 17.48 363.66 28.72 30.05 372.42 KK
42 82.96 28.93 25.99 366.1 28.22 40.34 389.49 KK
43 101.2 31.62 17.01 381.97 48.22 36.84 425.875 Ly3
44 84.97 12.04 11.96 251.31 37.74 24.69 297.055 Ly3

3.2 HENgH

Xt T Elman M%%, fAEARIRMEEA BT A, FMEMARA 33 MHETT, BlER 3 M R
i (1.0 0), XK (0 1 0), BIK (0 0 1)), il S E L, FPEFZLICH 10 0, MEHERERE. kR
A Trainlm.

X BP M%%, SRAHERZ BP M, SIARN 7 MHZIT, EEA 15 METT, EilEd 3 M
76 10 M2 IR LR EC S BLEYIRECR S BIXT RS, VIZREECH Trainlm. BORFE ) E) E & 0n
W HEATIIGR, 53] 15 MREITE M ERERAE, Frid BP M4 EH 2T REREE 15 4
3.3 JIEREER

W 33 AR BB T M2 45 ELE T %5, 159814551

Elman RZ21745% (WE 4):

TRAINLM, Epoch 0/1000, MSE 0.33472/1e-005, Gradient 15.9764/1e-010

TRAINLM, Epoch 16/1000, MSE 1.65279¢-006/1e-005, Gradient 0.00181819/1e-010

TRAINLM, Performance goal met.

BP MZ2fT45% (WK 5):
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TRAINLM, Epoch 0/1000, MSE 0.405432/1e-005, Gradient 5.49302/1e-010
TRAINLM, Epoch 80/1000, MSE 8.6647e-006/1e-005, Gradient 0.00101882/1e-010
TRAINLM, Performance goal met.

Performance is 1.65279e-006, Goal is 1e-005 . Performance is 8.6647e-006, Goal is 1e-005
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Stop Training 16 Epochs | Stop Training | 80 Epochs
El 4 Elman R&iIGLER 5 BP WRil&LER

80

ME 4 FTLAEH, Elman W42t 16 II%)E, MERZBRRIZSR. NE 5 LEZ], BP M%&&L 80
WINZIAE] T ER. BARFFTER BP WA T X RAL Elman R25310, ESOHE FEIE. fElgad &+, BP
WM& 2R PR “TRAINLM, Minimum gradient reached”, 30 BP W& FIELE R/, BREIGBAT

Fyift /. Brlh, KA Elman RIZ2EATTI0N, S5 HERG, FHER 2.
3.4 MRLER

AR 11 AEAEXT Elman K280 BP FZEHEATIIR, B M8 RE ST HRA A KRR KR, P48 H R %

A: y=sim(net,p_test). Elman fil BP FEEHIH| R LE 2.
& 2 Elman #1 BP FEHFIZER

%5 34 35 36 37 38 39 40 41 42 43 44
0.9998 0.9999 0.9999 1.0000 1.0000 0.0003 0.0001 0.0001 0.0001 0.0000 0.0001
Elman 0.0000 0.0000 0.0000 0.0004 0.0002 0.9969 1.0000 1.0000 1.0000 0.9983 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000 0.0022 0.0000 0.0000 0.0000 0.0014 0.9999
0.9997 0.9999 0.9999 0.9993 0.9997 0.0003 0.0003 0.0003 0.0002 0.0005 0.0002
BP 0.0068 0.0028 0.0029 0.0000 0.0000 1.0000 1.0000 1.0000 1.0000 0.9784 0.0000
0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0084 1.0000
N R%E
NEERE, Elman 251 BP #1220 25 4 0.008
FIFET 43 S/KHE, RRBLIRFNARL T AR Foft 0.007
T R H o B R R D — 0008
WD (K SR I KR K TR -4 .
BE, AR AR BFBUKRER H R SR, -
{HRZ AL B 7K IR AT RETR & 1 R H RIK 7K. 0.002
Xf Elman MZ8H1 BP M2&H15 iR 2 1 0.001
LT O, FTUAR IR Elman Y, BP FOAAE O 34 35 36 37 38 39 40 41 42 43 a4 KAFHS

—I (I .
% (LA 6) H6 R
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1 GRSt

VA —50 A9, 8K Elman M55 BP RIZEXTH, 20 AEAL 5K AIBIRE, Sepl45 R0, Elman
WIZ AL L BP 4R BA T Ry ARG B, FETRATE T, SIS T 7K R,

BRI TR, B TA ST KBRS N LA T, S KZKE K BRAEARTEEAL, KKK
MK RE. FIHESHTE BP MEXT SIS RGHATHIRN, TR sh SRR ] AR i A5 25 ]
SRR, A ZE NG L 22 . NGRS R U SF R, R EA GRS A. AL
Z T, SRS Elman FZERAE T —Fi B IRERE, BRTE BP MAREAGHRYIEM L, M EiREs
EH A& MBS RHMERYIRE, T R RA BN RES, FILEREE D), FEBH Y R4 3)
SR
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