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ABSTRACT

Coa mine production logistics system security state prediction is an
important content of coal mine accident prevention and control. The paper
proposed aprediction model of the coal mine production safety state based
onrough set and wavel et neural network, The model using RSto determine
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the impact of the main influencing factors and then predict the safety
status based on WNN. The empirical results show that the model in coal
mine production logistics system security state prediction has high
accuracy,which can help strengthen the prediction of coal mine safety

state, enhancing the level of security.
INDIA

INTRODUCTION

Mineproductionisamulti-link, multi-step produc-
tion processcomplex system consisting of people, ma-
chinesand environment, which existing variousforms
of disasters. Inrecent years, gasexplosion, coa dust
explosion, roof accident, flood, transportation, ascen-
sion and many other disasters occurred frequently in
cod miningenterprises. They had serioudy affected the
peoplelivesand caused great economic losses. Coal
production compared with other industry hasits obvi-
ousfeatures, safety sate of cod mineproductionlogis-
ticssystemisaffected by many factors. The existing
prediction work does not reach the designated posi-
tion, making the safety state volatile. Therefore, to
strengthen the prediction of coal mine production sys-
tem safety Sateisconducivetotimdy eliminatethe haz-
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ard which may cause disasters of coal mining enter-
prisesand enhancethelevel of security.

Currently, many scholarsstudied evaluation and pre-
dictionof mineproduction logisticssystem security Sate.
Hu Shanting!¥ eval uate coal mine safety level control
ability from the perspective of safety state; Gao Ddlil2
pointsout that the useof combination eval uation method
can improvetheaccuracy of coal minesafety risk as-
sessment, whichisakind of effectivemethod of coal
minesafety risk assessment; Bai Nan® establishthegrey
prediction model by using B/Smodel and grey fore-
casting theory inview of the coa mineaccident statis-
tics, realizing thefunction of online management and
prediction visualization. Visible, many scholarshave
proposed by using multiplelinear regression*d, gray
theory modd® and many other nonlinear methods” to
forecast cod minesafety state. But theexisting predic-
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tion methodsislack of autonomouslearning ability and
uncertainty ishigger subjectively, inpractice, thereare
many influencefactors of coal mine safety state and
they arevolatile, which reducesthe accuracy of these
methods.

In recent years, neural networkshave beenwidely
used intheassessment and prediction of the safety state.
MalL.iyi® usedfuzzy neura network to andysethein-
formation system security risk assessment; combining
space vector theory, Fang Yong® used neural networks
and fuzzy evd uation method to predict two-lane high-
way motor vehicletraffic safety; Chen Fanl*¥ used RBF
neural network to analysethe subway constructionrisk
assessment; Zhang Jianhuaand li song usethe BP neu-
ral network respectively eva uate security capacity about
cotton diseases™ and short-term traffic flow!*2. Vis-
ible, neural network iswidely appliedin all kinds of
system security eva uation, but the existing neurd net-
work methodsin practical application exist many prob-
lemssuch asthe hidden layer nodescenter valueisdif-
ficult to determine®®, and it iseasy tofal into local
minimum and convergence speed isslow!'4, affecting
the accuracy of use. WNN’sgood time-frequency lo-
ca features can make up for the shortcomings of these
methods, but sofar few peopleappliedit to predict the
cod mineproduction logistics system security Sate. In
addition, Inaddition, inthe coa production logistics
system, anumber of factors affect the safety state, If
WNN isused directly in coad mineproductionlogistics
system, the network structureis quite complicated and
learning speedisdow, besidesthe accuracy of predic-
tionerror isrelatively large, leading to theresult isnot
ided.

Therefore, combiningwiththecharacteristicsof cod
mine production logisticssystem, thispaper established
asecure state prediction model based on RS-WNN.
Digout themain factorsfrom anumber of mine safety
factorsaffectingthe state, and predict the saf ety state
of cod mine production logistics system through ana
lyzingthemaininfluencefactors™.

THE ESTABLISHMENT OF THE PREDIC-
TIONMODEL

Thetheory of RS
Thetheory of RSisakind of dataanalysistheory

that can process uncertain and fuzzy knowledge, clas-
sify the observation and analyzing data, find implicit
knowledgein the process of classification and revea
the potentia regularity. RS method can use set theory
asthemathematicd tool, s mplify incomplete, inconsis-
tent and impreci sedataefficiently, ca culatethe mini-
mum expression of knowledge and get reasonablede-
cison scheme. Based ontheprincipleof RS, itssmple
steps can be summarized as: (1) Based on observa-
tional dataasrow, based on dataattribute as column,
establish adecision table; (2) Delete redundant and
wrong object, then sort decision table; (3) Under the
condition of thecompatibility of thedecisontable, re-
ducetheattribute and cut theredundant attribute val ue;
(4) Integrate of the decision table and mergetherow.

Themode of WNN

WNN can combinethewavel et transformwith neu-
ra network organicaly, usewaved et bas sfunctionwhich
isdetermined by the parallel and contraction factor in-
stead of Sigmoid functioninneura network!¥, consti-
tute WNN with less seriesitems and implement the
optimal gpproximationwith agiventimeseries. It has
good prediction ability and faster convergence
Speed[17,18]_

WNN iscomposed of input |ayer, hidden layer and
output layer, asisshownin graph 1. Inthe application
of thenetwork, adjust the coefficient between each layer
toredizetheprediction of the network.

Specific tepsareasfollows:

Supposey, grespectively astheconnectiveweights
between input |ayer and hidden layer, hidden layer and
1 Output laver

Lnput ]i‘l}\'("l' .'Iitl'.l(,".l Iél‘.'i’r'

Graph 1: Thestructureof WNN
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output layer, generaterandomly intheinterval (0, 1),

andinitidizethescaefactor qand shiftfactorq.
Cdculaetheoutput vaue,

vgziwh{(guijxn(i)—bjj/aj} "

Forit, hisMorlet wavelet function, xnisinput vaue.
Adjust theparametersuntil the network output iswithin
therange of standard error.

Theestablishment of the prediction model based
on RS-WNN

From theforegoing, RS method can selecte prin-
ciplefactorsfromalarge number of factors; WNN al-
gorithm not only can combinewith thegood sel f-study
ability of neural network, but also can usethelocaliza
tion propertiesof wavelet transform, with strong fault
tolerant gpproximetion ability and good prediction ahility.
The security state prediction on coal mine production
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Graph 2 : Coal mine production logistics system security
stateprediction model
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logigticssystemisatypica multi-factor forecasting, thus,
thispaper establishesasecurity state

predictionmodd on coa mineproductionlogistics
system based on RSand WNN, asisshown in graph
2.

First, thehybrid mode proposed inthispaper, finds
out themajor influence factors of the security state of
coa mine production logistics system by using RS
method; Second, thetraining set consist of themain
influencefactorsistrained by usngWNN; Findly, pre-
dict thesecurity state of coal mineproductionlogistics
system by using WNN modd after thetraining.

EMPIRICAL STUDY

A To select coal mine production logistics sys-
tem security statefactors

Referingto the*“Coal Mine Safety Regulations”,
determinetheorigina factorsof coa mineproduction
logistics system security statefrom 30 cod enterprises
of Henan Pingdingshan Coal Group, Jiaozuo Coal
Group, Zhengzhou Cod Industry Group and other eight
coal enterprises. From the economic and social fac-
tors, regulatory factors, production technol ogy, acci-
dent trestment and | ogisticscapability factors, build fac-
torsindex system of coa mineproductionlogisticssys-
tem security state, See TABLE 1.

B Datacollection and processing

Standardize qualitativeand quantitativeindicators
included evduation system, to maketheindicatorscom-
parable acrossthe entire system.

(1) Quantitativeindexes

Inquantitativeindicators, Poor isbigand small and
tend isnot necessarily in the same, For the measure-
ment unitisincons stent differentid havegresatly small,
inclineto isnot necessarily the same, so we must be
performed with chemotaxisand sandardized trestment,
methodisasfollows:

Thebigger the better about assessing trends:

I:i :(Xi_ximin)/()gmax_ximin) (2)
Thesmadller the better about assessing trends:
Fi:(xi_ximax)/(ximax_)gmin) (3)

Amongthem, X, ., istheminimumvaueof thej-th

Hn Tudian Jounual
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TABLE 1: Security statefactorsindex system

Level indicators

secondary indicator s

Coal consumptionG,,
economic and social security funds utilization ratec,,

security funds utilization ratec,

Security qualified team percentageg,,

regulatory safety review successrateg,,

testing and inspection facilitiesg;

Machinery and equipment operating conditionsc,,

production technology

specia types certified rateG,, gasdrainage rateg,

Scene purification and recovery compliance rateq,,

accident treatment medical rescue efficiency G,

accident warning technology G,

Tunnel ventilation evaluate situationg,,

logistics capability

transportation distribution capabilityG,, emergency logistics scheduling command ability G

index hasbeen determined, X, ., isthemaximum of

thej-thindex identified; Fisthestandardization of tar-
getvaue.

(2)Qualitativeindexes

Inview of the qualitativeindexes, thispaper orga:
nized expert panel to conduct research from 30 mines
selected above. Obtain quantitativeresultsby theuse
of expert scoring method, then make standardized trest-
ment. Theapproachissimilar to quantitativeindicators
approach.

Organizethe assessment results of 30 minesbased
on the data processing method above. Assessthe se-
curity levelsby the 2013 coal minesafety qudity stan-
dardization evd uationrating method, and thesefety Sate
of cod mineproductionlogisticssystemisdivided into
relatively safe, safeand lesssafe 3levels. Theresults
areshownin TABLE 2.

The Datareduced by RStargetsmust be discrete.
Firstly discrete datapreprocessing before attribute re-
duction. Thevauerangeisrepresented by [90,100),
[80,90), [70,80), [60,70), (0,60). Using discrete data
4,3, 2,1, 0torespective each scorerange, Meanwhile
expresscoa minesafety Sateat threelevelsindiscrete
data 3, 2, 1. Discrete data obtained are shown in
TABLES.

According to thebasic steps of RS reduction, es-

tablish the discernablematrix, a=5%, atributereduced,
resultsareshownin TABLE 4.
Thereductionamplifiestheorigind subjectiveevau-
ation system, the index system reduced are as
follows:security fundsutilization rateC,, safety review
successrate C,, Machinery and equipment operating
conditions C,, accident warning technology C_, tunnel
ventilation evaluatesituation C ,, transportation distri-
bution capability C ,, Astheinput vector of the WNN.

C Thetrain of evaluation model and theresult
analysis

(1) Thedetermination of input layer and output |ayer
thento quditative, convertsqualitativeto quantita:
tiveoutput through output through RS-WNN mode!
and then makes quditative predictionson the secu-
rity state of coal mine productionlogisticssystem
by synthesi zing the eval uation set and the output
result. Thispaper usesthefactor index number af-
ter thereduction asthe number of input layer neu-
rons, security assessment level of coa mine pro-
ductionlogisticssystem asthe output layer. In con-
clusion, wecan set up six input-output network.

(2) Thedetermination of the hidden layer and hidden
layer wavelet function
This paper usesthreelayersof WNN with single

hidden layer tomadd. During themodeling, set theini-

tid vector as0.002 and momentum coefficient as0.002,
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TABLE 2: Coal mineproduction logisticssystem security statefactor squantization table

The evaluation index

Coal mine Coal mine safety level
CC G G C G GC C GC GC Cp Ci Cop Cz3 Cu Cgs
1 84 66 64 58 58 92 76 95 83 69 72 69 78 68 85 -relaivelysafe
2 59 68 59 76 74 58 49 72 61 76 86 58 91 76 59 lesssafe
3 55 94 8 53 59 79 81 8 78 91 69 59 75 68 57 relaivelysafe
4 59 78 63 69 68 63 59 78 67 57 75 49 81 66 56 lesssafe
5 91 75 76 84 91 90 86 89 77 68 84 84 86 94 91 sdfe
6 8l 76 8 76 8 84 35 8 84 65 75 39 79 84 80 sdfe
7 88 72 77 64 38 8 76 76 66 67 58 58 48 49 83 reldively safe
8 57 72 64 76 76 65 84 68 58 76 69 71 65 67 57 lesssafe
9 61 58 68 87 58 87 81 71 8 81 76 76 69 58 84 sdfe
10 68 69 8 91 51 8 67 8. 71 75 75 48 48 57 84 reldively safe
11 68 79 76 86 87 91 59 95 82 81 81 68 58 77 75 relativelysafe
12 890 58 61 72 8 76 79 8 94 92 75 65 75 94 76 sdfe
13 85 84 8 64 76 71 8 76 82 8 74 83 76 86 69 relatvelysafe
14 57 67 49 59 76 59 76 68 75 76 76 86 76 76 90 lesssafe
15 72 82 72 81 68 8 76 62 71 82 82 58 48 72 82 relatvelysafe
16 91 78 58 70 82 91 59 59 48 8L 84 56 72 58 70 lesssafe
17 83 46 67 76 56 72 39 58 75 49 91 59 68 82 59 lesssafe
18 76 35 60 67 58 82 47 81 8 8 72 39 58 78 85 relatvelysafe
19 71 90 72 78 62 64 94 82 76 8 81 78 77 86 76 sdfe
20 50 94 90 58 94 58 89 76 8 78 76 79 85 78 68 sdfe
21 82 84 8 60 55 8 76 91 8 68 92 59 78 87 92 relatvelysafe
22 69 8 73 93 75 81 49 67 92 59 71 58 68 58 82 relatvelysafe
23 61 76 81 81 77 87 81 8 58 81 68 59 64 49 73 relatvelysafe
24 87 78 84 91 83 8 59 91 75 57 92 49 75 86 82 relatvelysafe
25 86 59 92 72 74 59 86 82 8 71 84 84 79 8 71 sdfe
26 59 67 76 76 45 82 35 87 76 76 75 39 68 39 81 sdfe
27 68 89 58 81 45 84 76 8 84 68 72 58 39 58 84 relaivelysafe
28 72 87 48 67 68 92 84 71 91 8 82 71 81 68 85 relaivelysafe
29 8l 60 71 69 54 81 81 8 70 8 67 76 71 48 59 lesssafe
30 90 51 89 59 58 87 67 59 58 81 69 48 58 73 82 lesssafe

sel ect themaximum error learning method and deter-
minethetotal iterativeerror of the network model as
0.001 and the biggest |earning count as 2000. Asthere
isnot yet acertain method to select the hidden layer of
the wavelet function of WNN, this paper adoptsthe
trial and error method, that isthe other parametersare
constant, using different wavel et functionsfor training,
testing model, comparing each target error and finding
out theoptima wave et function. Thewavel et function
determined by thismethodisMorlet wave et function,
theexpressionis.

w () = cos(1.75t)exp(7;2) 4

(3) Theevduation of themode of training

Based onthe WNN model, this prediction model
is trained in the experimental platform of
MATLABR2012b, uses 20 groups’datafrom the 30
groups’datasurveyed asthetraining sample, 10 groups
asthetest sample. Thetraining sample canbeinput into
the WNN for self-learning training and get the final
weight, asisshownin TABLE 5. Then usethetrained
network to test samples.

For convenient for comparison, WNN and RS-
WNNweretested respectively inthesmulation. All the
datahad been trained and tested. The M SE curves of

BioTechnology o
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TABLE 3: Discretedata Table

Condition attributes

Coal mine Decision attribute
CC G € C GG GC C € C Co Ca Cpo C3 Cuu Cgs
1 3 1.1 0 0 4 1 4 3 1 2 0 2 1 3 2
2 o 1. o 2 2 0 3 2 1 2 3 1 4 2 0 1
3 O 4 3 0 0 2 1 3 2 4 1 3 2 1 0 2
4 o 2 1 1 1 1 0 2 1 oO 2 2 3 1 0 1
5 4 2 2 3 4 4 2 3 2 1 3 3 3 4 4 3
6 3 2 3 2 3 3 4 3 3 1 2 3 2 3 3 3
7 3 2 2 1 0 3 0 2 1 1 0 0 0 0 3 2
8 o 2 1 2 2 1 3 1 0 2 1 0 1 1 0 1
9 1 0 12 3 0 3 0 2 3 3 2 3 1 0 3 3
10 1 1 3 4 0 3 2 3 2 2 2 0 0 0 3 2
11 1 3 2 3 0 4 2 4 3 3 3 0 2 3 2 2
12 3 3 1 2 2 2 0 3 4 4 2 0 1 0 2 3
13 3 2 3 1 2 2 3 2 3 3 2 0 1 0 1 2
14 o 2 0 O 3 0O O 1 2 2 2 0 2 3 4 1
15 2 0 2 3 2 3 3 1 2 3 3 3 2 3 3 2
16 4 1 0 2 0 4 0 0 o0 3 3 0 1 0 2 1
17 3 3.1 2 0 2 2 0 2 o0 4 0 0 0 0 1
18 2 3 1 1 1 3 3 3 3 3 2 2 3 1 3 2
19 2 1 2 2 2 1 3 3 2 3 3 2 2 0 2 3
20 O o 4 o 0O O 1 2 3 2 2 0 0 2 1 3
21 3 2 3 1 3 3 0 4 3 1 4 1 0 2 4 2
22 1 0 2 4 3 3 2 1 4 0 2 1 2 4 3 2
23 1 3 3 3 2 3 3 3 0 3 1 3 2 3 2 2
24 3 1 3 4 2 3 2 4 2 0 4 3 2 2 3 2
25 3 3.4 2 1 0 2 3 3 2 3 0 0 2 2 3
26 o 2 2 2 3 3 0 3 2 2 2 0 2 0 3 3
27 1 0 0o 3 0 3 0 3 3 1 2 0 1 3 3 2
28 2 0 0 1 0o 4 0 2 4 3 3 0 0 2 3 2
29 3 4 2 1 1 3 4 3 2 3 1 2 2 3 0 1
30 4 4 3 0 4 3 3 0 0 3 1 2 3 2 3 1
TABLE 4: Attributereduced results
Reduced order Reduction index a (%) Whether can be reduced

1 Cu, G 0 Yes

2 Cu, Cg, Cs 0 Yes

3 Ci1, Cg, C3, Cg, Cy 0 Yes

4 Cu, Cg, C3,Cg, Cy, Cy, Cy 0 Yes

5 Ci1, Cg, C3, Cg, Cy, Cy, Cy, Ci, Cys5 6.27 No

the model swere showed asgraph 3and graph 4. ply use WNN had decreased from 0.1 to 0.05. Also

Asthe TABLE 3 and TABLE 4 showed, WNN M SE of GA-WNN had dropped to 0.04 by lessthan
outperformed NN intheprecision and rate of conver- 500 timesiteration, of which therate of convergence
gence. After nearly 1000 timesiteration, MSE of Sm-  wasobvioudy higher than that of smply useWWNN.
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NO. G G o G G G Assessment level Coal mine safety level
1 66 58 69 55 78 68 2.687 normal
2 68 74 85 69 91 76 3.742 better
3 94 59 64 85 75 68 2.894 normal
4 78 68 52 72 81 66 2.781 normal
5 75 91 74 84 86 94 4.587 best
6 76 86 94 81 79 84 4.674 best
7 72 38 48 58 48 49 0.783 worst
8 72 76 86 57 65 67 2.642 normal
9 58 58 47 84 69 58 1.587 worse
10 69 51 72 48 48 57 1.919 worse
11 79 87 59 68 58 77 4.146 better
12 58 84 79 65 75 94 3.575 better
13 84 76 85 83 76 86 2.097 normal
14 67 76 76 86 76 76 3.247 better
15 82 68 76 58 48 72 3.502 better
16 78 82 59 56 72 58 1.496 worse
17 46 56 39 59 68 82 4.434 best
18 35 58 47 39 58 78 3.579 better
19 90 62 94 78 77 86 1.386 worse
20 94 94 89 79 85 78 1.117 worse
TABLE 6: Test sample 0.14 : : : : : : : :
Asessment  Coa mine
NOG GGG GG "\ga  wfled 2
1 84 55 76 59 78 87 3.120 better -
2 8 75 49 58 68 58 4.242 better
3 76 77 8L 59 64 49 2.617 best 308 '.
4 78 83 59 49 75 86 2.113 normal \
5 59 74 8 84 79 85 3.721 best o6F T
6 67 45 35 39 68 39 4.667 better e
7 89 45 76 58 39 58 0.856 worse o4 -
8 87 68 84 71 81 68 3.303 better
9 60 54 81 76 71 48 4.497 better tM):Iﬂ I{II[] E{I}l[] .li'lrﬂ —-t[I‘J[] Sﬂlﬂ 6':'10 ?11}[‘1 8(;!1 cJ{;[l 1000
10 51 58 67 48 58 73 1.625 worse Graph3: WNN results
TABLE 7: Test/output comparison
1 2 3 4 5 6 7 8 9 10
target output 3402 4389 2701 1624 3762 4820 058 3430 4825 1.196
Prediction output 3000 4152 2477 2200 3621 4562 0782 2877 4500 1.703
WNN absolute error 0402 0267 0224 0576 0141 0258 0196 0553 0325 0.507
relative error 78% 61% 82% 55% 37% 54% 94% 61% 67% 4.3%
Prediction output 3120 4242 2617 2113 3721 4.667 0856 3303 4497 1.625
\ITVSI-\IN absolute error 0282 0147 0084 048 0059 0153 0260 0.127 0328 0.429
relative error 63% 33% 31% 31% 16% 32% 44% 38% 68% 59%
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Test 10 data be not used as training samplesin
TABLE 6in RStrained, meanwhile, comparetarget
output, WNN prediction output and RS-WNN pre-
diction output, theresultsare shown asgraph 5.

For testing the effectiveness of proposed method,
the paper had made anaysisand comparison withsm-
ply use WNN, and predicted the resultsby using com-
mon measureindex, including absolute error and rela
tive error. The results were showed as TABLE 7.
Conclusion can bemadefrom TABLE 7 that the aver-
agerelative error of WNN was 7.32%, and the aver-
agerelative error of RS-WNN was 4.35%. It can be
seen that, the predicting resultsof usng RS-WNN is
much closer to theactua safe state output of cod mine
production logistics system with lesserror. Also, the
prediction resultsby smply using WNN had more er-
ror comparedto origina dataand moretimewastaken
than which RS-WNN method used. So by using RSto
optimize WNN as the paper proposed is quite suc-

————, FyurL PAPER
cessfull.

CONCLUSIONS

Toincreasethe prediction accuracy of safe state of
coal mine production |ogistics system, the paper had
proposed apredi cting method of safestate of coa mine
production logistics system based on RS and WNN.
Themode had fully makeuseof theadvantagesof each
theory, and introduced the combined method based on
RSand WNN into prediction of safestateof cod mine
production logistics system. By adapting RS method,
elementsthat affect the safe state can be effectively re-
duced which could decrease the number of theinput
neuronsof WNN, simplify the network structureand
shorten thetraining. Themodel test analysis showed
that RS-WNN could remedy the predicting defects of
simply adapting WNN. The averagerelativeerror of
predictionwasmuch lower than that of smply adapting
WNN. Thecombined method isquite practicablewith
high precisonintheprediction of ssfestateof cod mine
productionlogisticssystemwithlotsof influencing fac-
tors.
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