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

Keywords water bursting source; Elman neural networks; back-propagation neural networks; discrimi-

nating model
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2 R9`DFj�yaD0AK2UB�NL (�yL) 5�-km6UaD. f3S^K[UD�P�, V�y���~UD��, R>3�yaDS�. P0, #U��yaD�LB_|r;K[U�℄, p0k�n�yaDu�U{=��℄:+S^. �yaDUÆqB�U#�yLU�5�=�#{, p0FÆqUHA�{faDM
5+{#)Un�*t. �yaDU�r+%�z�D��yL+k{t:UbK#:#7. �yaDS�w�'Bp���yaD+r���yaD, p���yaDw�1aU�0 BP �yaD; r���yaD1aUB Elman �yaD+ Hopfield �yaD.

2.1 Elman P7℄A
Elman �yaD0 Elman D 1990 aR>U, �S�Vp�aDU6&,w\Z,�9k,, �f,$#*C
, JSS2UWU, Fm'tW�B18"�P�U℄), ℄mkr8bK#7tWUP�.

2.1.1 Elman P7℄A3&
Elman �?��yLaD,	{f 4 ,: 8
,�w\, (6&,)�9k,+8>,, 	[ 1 F*. k8
,�6&,+8>,U+k�?Dp�aD, 8
,UNLtmSÆ)C8�=, 8>,NLm��Z{�=. 6&,NLUC\':Æ(=��Cz��':, 9k,C5f�xi,C�K,, H=�S26&,NLp,"�U8>n, Æ.�f0,�,$""C
 [4]. Elman aDp�a[ 1.

\ 1 Elman ^B4'Tt\
Elman �?��yLaDUP^06&,U8>U#9k,U";FAH, �*S6&,U8
, b{�*t)'kk#&�KU:��BQ��, \%r�aDUZ
\Z3aD��B�bKÆqU℄), FmJS3bKdSUWU [5] . $=J�O aH�U:�, �"\=�k:�u�dS, 9k,S26&,p,"�U8>n, kDJ�Yx;m��U�:0 {B$U, ^�3�z8>Uo..

2.1.2 Elman P7℄A ke,�.[ 1 f%, Elman aDUz���K�\�J)f:

y(k) = g(w3x(k)), x(k) = f(w1xc(k) + w2(u(k − 1))), xc(k) = x(k − 1).kw, y, x, u, xc {��* m g8>p^�2, ngw\,p^NL�2, r g8
�2+ ngr��K�2.

w3, w2, w1 {��*w\,S8>,�8
,Sw\,�9k,Sw\,U+k{n. g(·) f8>�yLUC\':, 0w\,8>U���-. f(·) fw\,�yLUC\':, 1(= S ':.

Elman aD)(= BP Cpu��h, �ro�':(=o.gt+':
E(w) =

n∑

k=1

[yk(w) − ỹk(w)]2,kw ỹk(w) fW�8>2.

Elman �yaD�rCp(=U0?:UQgxhCp, N�18�rBAb2Qgxhr�C Cp, HT℄R�aDU�.�A, C℄B�/saD}
�%J�^. �rUWU0=aDU#U8>nF8>&�nU.n���{n+�n, 'TaD8>,Uo.gt+��.

2.2 BP P7℄A���yaD (ANNs) ��s=D�{:H, 20 ,V 80 aMwi, David Runelhart, Geoffrey Hinton+ Ronald Williams, David Parker, .L Yannn Le Cun {�e'Yo{3 BP Cp.
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2.2.1 BP ℄A3&
BP aD0,{N�C Ul,p�aD, kp�	[ 2 F*. A[Æa, BP aD0,{�B�,C�,.�U�yaD, ��8
,�w\, (6,) +8>,. �x,k\#{|+k, mM,�yLk\m+k. Q,k�r&�R�
aD2, �yLUIAnF8
,y�w\,�8>,C , V8>,U��yLBTaDU8
�8. kx�, �`^�W�8>F#Uo.Ut�, F8>,y#�w\,�,�h�+k{n, �2?S8
,, b{Cp5f “o.`C p”, N BP Cp. E�b{o.`UC �h"ju�, aDk8
S)�8Uh~A)"j��.F�jnS�"VU0, BP aDUC\':'w��0ÆeU, F."℄'=�jnaDwUnn':, 1=UB Sigmoid �Uk:�ht':Ca��':. ADC\':0BBÆeU, F.kD BP aD�>, ,tP, F8{UxH"U0,���8{, m0A,�z��4gP�6UxH, H0�jg7UyP, 5mHU{����8{�Zx~, �I�)���8{�(; ;,tP, aDÆ.�	(=Qgxhpu��r, {n�hUqp) {R~.

\ 2 BP ^B4'Tt\
2.2.2 BP ℄Ake�yaDU�.#7#U�0A,t5U$��_6U. V�rli, +k{|0A8
8>n�_gU [6].

BP �yaD0U#8>,Uo.r�C S6&,�BT8>2Ui
n. Qgxhp$=QCaD{|+_g+k{|���:8>o.U. �yaDo.':U`3f
E =

1

2

∑
(Tk − Ok)2,

Tk + Ok {�0W�n+8>n.Qgxhp[U#Qgo.��{|
∆Wij = −η ×

∂E

∂Wij

,kw η 0�rBA, ∂E/∂Wij Ax5�*:
∂E

∂Wij

= −δn
j · An−1

i .A�)lNBTQgo.f
∆Wij = −η · δn

j · An−1
i .b!, 8>, An−1

i F+k{| (Wij) B�, δn
j 0o.Æ), HÆ.U#QC�
j j 0"08>,U�yL. 	" j 08>,U�yL, XI

δj = (Tj − Yj) · Yj · (1 − Yj).	" j 06&,U�yL, [
δj =



∑

j

δj · (W hy)hj


 · Hh · (1 − Hh),b! Hh 06&,U:n. �2, +k�yLU{|nÆ.�Jf [7]

Wm
ij = Wm−1

ij + ∆Wm
ij = Wm−1

ij + η · δn
j · An−1

i .8
Æ)F8
,y6NL, C�8>,, V8>h/�8>Æ), b0��Æ)Uh�C . VÆ)U�pC\#7waDU{n0�`"�U, M,,�yLU�Kp:�x,,�yLU�K. 	"V8>,"℄TSi
U8>, [�
o.Æ)r�C [8].
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8>k\.nNfo.Æ), o.Æ)A8>h	(�,�pC , b0o.Æ)Ur�C . Vo.Æ)r�C U#7w, aDU{nAo.r�u�_m. U#{n"j�h'aDU#U8>�kvi
8> [9] .

3 R9`DY{J�Sp/5+$d
3.1 q�O0lN$=<Y�*K℄U�,J�U;t�4u�#$. 
�5A'=31=UYx;:�Pf�

(Ca2+�Mg2+�K++Na+�HCO−

3 �Cl−�SO2−
4 ), :��O�j�o. ,�B���,JTU 44 �;&^;t�4, (&"\fv 20 a. EF� 33 ��f�.&�, 11 ��f
�&�.�,J�0<Y�*K℄U,���, <.Y�, ���a?, YF�,�f9, 
F��	��k, �KÆ�2g 4400m, PH 9.25km2(a[ 3); k�'	(J, \ 3 n;L.Wr"a�Tt\f C13�B11b�B9b�B8�B7�B4b�A3�A1 J. Wp	(S�%; k�'<;&;,�'BJt
 6v&;, (Jt
 )�!MtIM�= �v&;, (I=)��Ot= �v&;, (�=); E	(�gU\K, J�	(7;$d	Qo�|; ADJ�V	(#7wH�3}�U;:��4, 5D, 	℄J�DD;:�PfU�{Y;;O�B
��~13|K.� 1 H�r��* Ca2+ Mg2+ K++Na+ HCO−

3 Cl− SO2−

4 TDS <P
(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 KuÆ!
35 3.81 2.31 294.04 638.24 46.8 59.27 725.35 KuÆ!
36 3.81 2.31 294.04 638.24 46.08 59.27 724.63 KuÆ!
37 1.40 1.46 233.58 444.20 42.90 52.07 553.51 KuÆ!
38 5.21 1.34 252.43 508.88 51.05 67.91 632.38 KuÆ!
39 63.93 30.39 48.53 389.9 28.01 30.05 395.86 J>
40 88.78 26.62 12.42 357.56 26.94 25.93 359.47 J>
41 85.77 28.57 17.48 363.66 28.72 30.05 372.42 J>
42 82.96 28.93 25.99 366.1 28.22 40.34 389.49 J>
43 101.2 31.62 17.01 381.97 48.22 36.84 425.875 �>
44 84.97 12.04 11.96 251.31 37.74 24.69 297.055 �>

3.2 EiO0kD Elman aD, A&�:�+&��QÆj, aD8
,B 33��yL, 8>,B 3 ��yL (Jt
 (1 0 0), I= (0 1 0), �= (0 0 1)), U#r�#$, w\�yLf 10 �", aD�℄�(. �.':f Trainlm.kD BP aD, (=N6, BP aD, 8
,f 7 ��yL, w\,f 15 ��yL, 8>,f 3 ��yL [10]. �yLUC\':f S �ht':+ S �k:':, �.':f Trainlm. z"VUw\,�yLkaDu��., TS 15 ��yL0aD�℄�X, F. BP aDw\,�yLU�X:W0 15 �.

3.3 l>3)f 33 �&�{�y
1��yaD!u��., TSp".

Elman aDS�p" (a[ 4):

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

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

TRAINLM, Performance goal met.

BP aDS�p" (a[ 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.

\ 4 Elman ^Bm?4* \ 5 BP ^Bm?4*F[ 4 Æ.
>, Elman aDy# 16 E�.2, aDo.JS'w. F[ 5 �
S, BP aDy# 80E�.JS3'w. z��p� BP aD�kDr�� Elman aD�>, 5,Bg'H. V�.#7w, BPaDlE>{" “TRAINLM, Minimum gradient reached”, �R BP aDJSQg��, z�0�.}
3�%J�^. F., (= Elman aDu�J*, p"��~, ��|.

3.4 �U3)=2 11 �:�k Elman aD+ BP aDu�*4, 
aD℄�x~U
�;&U;O. aDw
':f: y=sim(net,p test). Elman + BP Cp
�p"a� 2.� 2 Elman - BP Z#H�4*�* 34 35 36 37 38 39 40 41 42 43 44

Elman

0.9998 0.9999 0.9999 1.0000 1.0000 0.0003 0.0001 0.0001 0.0001 0.0000 0.0001

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

BP

0.9997 0.9999 0.9999 0.9993 0.9997 0.0003 0.0003 0.0003 0.0002 0.0005 0.0002

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 1.0000Fp"
, ElmanaD+ BP�yaDd
I3 43);&, f�=
�63I=. kG �^U
�� {h~. kM505f�,JJ�UI=+�=&;,U;)*t {Ot, ;t {�?. Fz;&UY^0�=,P0DBU;OÆ℄�-3��I=U;.k Elman aD+ BP aD
�Uo.y�u��j,Æ.o{ Elman� BP�fx~,� (a[ 6). \ 6 
�Mg
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