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Application of full-text search engine in coal mine operation and maintenance system

MENG Feng', JING Cheng**®
(1.Coal Industry Center, China Energy Group Corporation, Beijing 100011, China;
2.CCTEG Changzhou Research Institute, Changzhou 213015, China;
3.Tiandi (Changzhou) Automation Co., Ltd., Changzhou 213015, China)

Abstract: In view of problems of single function and low degree of automation of existing coal mine
operation and maintenance system, full-text search engine was applied to coal mine operation and
maintenance system, and matching solutions were searched from fault solution database through the search
engine. Flow of coal mine operation and maintenance system and source, data structure and entry process
of fault solution were introduced. By comparing and selecting, Elasticsearch was selected as the full-text
search engine of coal mine operation and maintenance system, and its specific application method was
given. Example analysis and test results show that search results provided by the search engine are highly
correlated with the faults reflected by the alarm content, which can provide effective help for solving the
faults.

Key words: coal mine safety; coal mine operation and maintenance system; full-text search engine;

Elasticsearch; fault solution
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Fig. 1 Simplified process of coal mine operation and

maintenance system
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2 ERSIEILERIER

Lucene J&—Ff W JH ) Z B R 51 %, A Kl
HAE et % Jl o ok TAR R 2 2 A . T
JEH I TIRZ 2T Lucene. [H % H: & 2= ¥ ) 7T 42
e o fE HE A A 7 X 4 R 51 %, f
Elasticsearch, solr, Katta, Hadoop contrib/index,
Lucandra, HBasene 25107

iy Z 8| %, Elasticsearcht Il solrt? '™



2019 £ % 3

FEE X RENEERET B R RS T A « 105 -

EHB BT 20 2 Ff, b T ERBEFEF RN
RGO K 2 PP R G X LA A, 5 3
* 1,

F 1 2MERGIEX I

Table 1 Comparison of two kinds of search engine
Elasticsearch solr
Java 9’5 Java 45

4 HTTP/XML FI JSON
J2 4t RESTful API

) API

G341 2RI S 4 % R ENGE Tl

AR RER RN L [ ) e 3 gﬁﬁwﬁmmp”ﬁﬁﬁﬂ
DUk AL X

EZ EEWIEN AL E E
ST KR A

A4 Index Warmup API
Elasticsearch

FH solr 48 K € A Kl i, 8l B 58 e, i A 2 S
ST &R 51, Elasticsearch HA B WAL #. #tH
Rk A, O A M4 R HEE A K,
Elasticsearch 1 solr #IMHAMRIMLFE . ZHIER G H
IR R 2 A SR L) L &R 5] B
P #E Elasticsearch E MW 18 48 & G0 19 4 R

Il
3 Elasticsearch T B4 #f

3.1 A

Elasticsearch 2 — 3 A 8 &R 5| % 1 NoSQL
HARPED e F IR 24209 B 3 d1¥% Elasticsearch
5500 R RVEE R A5 A AT X 1L

REM Hm e
AR E Be (Database)

7]

| F(Table) = AFROW) (=)

ol | [ % | [ 3& | [ 7&

Elasticsearch =~ (Index) (Type) (Document) (Field)

& 3 Elasticsearch 5 3¢ 28 Y B4 7 45 44 X e
Fig. 3 Comparison of structure of Elasticsearch

and relational database

5] (Index) : ZT| AT 3¢ 7 A 5048 1 526
BEHE-NEEmAE N AR -2 AT
HNFAEFH Lucene RSB IES @ 5] RS
24RO 8 R D& SCRY A 3 I L A A

SCRYZEAS (Type) « A1 24 T 8040 b (9 table 4
&, 1F Elasticsearch 14 A~ SCHY #R b 20 15 a2 H 2%
B, ORISR ASAE W] — R 5 G 45 H R R Y
SCRY A o U BRI SCRY 28 B R AT LA R 20X R () 2
E w5 (Mapping) {5 B, » 7 8 SCRIAEHL

SCAY (Document) « SCAY AL F $ic 8k 1 Hh 1 47 %k
it RG] B AR B L SCRY I A S LA JSON

W AP s — AR 51 AT DUAE A 221> SCRY , H SO
TESS 1 A At i Fe 8 12880,
3.2 HlHEE 3

Elasticsearch 5| % fif ] T — 1 4 81 HE &R 51
(Inverted Index) ARG &5 #1055 3% 5 2% 5| 1 1)
SCRYASTA] o B HE 2R 5 | T ] 30 . 38 Y SRS AN
ARG E5 ) W2 2, LASCRY 1D Sy 8, X h 1 {E 2
SCRY P B DG B R] . SR T EIHER T |00 E s 25 1 W
2% 3, LAy i) Ry L SCARY D K H S B0 VR B R X R Y
(B o 3 — A PR 4 S R B A A

2 SCRYXE R IR SR E G

Table 2 Document corresponding index

SCRY ID %
1 B
2 R 82910 5%
3 B4 AT

#3 ARSI

Table 3 Inverted index
S3isd HBLK b4 1D
g 5 !
&4 3 1

B 2 4

HTET R REMHERELZH AR
B DU I R R AR O TR — B
) OC B 5. /7 AR B rh 3C 43 1R 8% ok #E AT 43 3
Elasticsearch il H J& & B, H BRI A v 3C 53 1) 475 14
JE MY TR — BLuE U 4y iR R RE T R IE
DU A IR B SR . R T A A 2 e vh S D) ]
A X EE BF JE e il TK rp Sy g g
IR

IK 4 fF ¥ Lucene IK 73 #1 &% % il 3
Elasticsearch v, 32 5 H & L5 M, 430 £ 19 TAE
AR AT 12 U4 S SR K3 R U A3 B S B ]
A SCIAE 5 2 25 KBRS R AR S S0 4sE O A 4
a,an, the, of &, 1 3045 F ] 2 AL 46 “ 197 17
I N TSR R D Gl o L N T I % N )
5 320, RE T A B3 S /NS R R A R R X 43
KNG,

DL FH T 2R 40 0 SR 7R e RRE 14 A0 A 3
T ERBYEETE” I BOE AR K 5 TK 4 1 43 108 45 2R
KR RGN B RGN T
BT CERGE LRI, Hh AR R T 4
BT ERA MG B8 E T8 o I E RS
A SCA T I 2% 53X A G B0 8 T B0 R o OE



+ 106 -

5 B

Bt o AU TK i 440 o] DR 4 s — B b S mr bl 4y
F e SCAH o HE TR 3R] . {f T Elasticsearch 37 R
51 4 1 R iy h R,

4 B

4.1 ZFim LA

i Elasticsearch 7 B 4 ft & 288 1y RESTf{ul
APLARHEAT M OGR4 L 3 i 1] 52 19 POST . GET fir
A B AT S A KRS L OF HEAT A . i BROET SR T I 2L
I S AR K 0T o A% R G IR A R T R S AR R T
B 3E o OG5 )48 R R4 B DT C 1Y 45

AR 4 PR B BR S L R B KR E A R
RITRFAE R E,

R4 BRI RBE S

Table 4 Data structure of fault solution

e e ZHE X SRR
device_type BRI text
system_type RYi kA text

related_hardware FH 5 i 4 text
fault phenomenon e B 4 text
fault_reason ke e I A text
content e & text
accept_times PR integer

M B RS RAEEEE RS @ E
Elasticsearch ¥2fit i API 4 0 #4788 R T/, IF @
i BCE A AR AT IR A A . S EE R N
PG OCHA 7] HE A5 3 13 Z5 VT FC 45 2R  HEAS AR i 19 45
SRVUC B v, LT 3 AR AR 4 Fros. A
5 LSRR ), L HAR NS WE S5 FR .

> related_hardware: 19 fault_phenomenon: 1. A% 3% 0 BT 378 T AR 5E2. BUURTR AT 72,6 A Gt 2%
TARRIE#3. R FEANFE4. % A HL LS B 78 i fault_reason: 175 FLR R B350 S P 2 RS 2 2. FLUR T 2%
FRATIF3 IR AR IF4. R HEIRS. & ) HLTBATE RGE4R A content: | AN ATER B K - B4R T R 75 B4
2R YR R R T IE 3. AR AR MR 7B IE 4 AR A IR SO R TS A4S SE AR IR i 6. S 4 4% F Wit
BT RYidevice_type:AEBafsystem_type: Hi$% R¥faccept_times:1 _id:5 _type:solution _index:
cari_result _score:4.277

> related_hardware: 182 %, Hidfault_reason: 1. 1442t 88 Mk 5t TR 122, ey I8 o P o 3 KB 32 31
T3, ) 28 L VR A4 S PSR X B ) 8 R content: | AU PR AV ) A Ml 5 s 2 3L
W kR 7S — B R T AT TR R N AR SR TS S R 28 — B
4PN LS W R IE R, BRI 6. KRR TRIR7 RERS48S MR PR T
ILACdevice_type:#2l #system_type: }i$% R%ifault_phenomenon: ASRE i {&faccept_times:1 _id:6 _type:
solution _index:cari_result_score:3.173

> device_type:FFrelated_hardware:FF % fault_phenomenon:FF X AN REA ¥l fault_reason: 1.7 T % & I HLHG
AR A H 1 4K o B 3 T A ) A HL U4 D) [ B TR S SR 4% M AN B content: L RYEEHLFY HERR
2. S Ak o 2R3 A T S e e WA 1 SRR AR R A A O (B0 o ) R AT D BULL BTRR SR BN ST R,
AT BB TR ER A IX AT RA KRB CRM G, SRR LR M R BEWTILR . system_type:

3% Rtaccept_times:1 _id:3_type:solution _index:cari_result _score:2.64

B4 2GS E O HUIR OGP I AT B BT 3 AR DU RD A R

Fig.4 Top 3 match results when alarm information is

"power off"

MAR RGP T  ZAL R IR LA R 4R
5 T TN T TS 1 A A S R R L R X L T
I 2032 A N B3 BE R D A AT DA A0 DA

B 15 2 FR GEAH O LA B A0 5 4 B 5
EANEL 6 Fir s . 7RIS BRI BorE 2 300K G B
J A5t B4 DG I B2 e e 119 TS SR S DR 4 2 Ak TN B

s S
2019 % 45 %
2%,
_source
[ related | [ P28 AT ANFE2. PR KT 3%, (EL P B 28 TR IE %3 R R A 64 %
F 7 7S H fault_reason: 1. 76 H R Al FR o R FbL P B A2 2. FRRTT K RAT IF 3. AR AR A7 4. RIQ B HESR S 46 i s 038 R GE AR

content:1 TR A BT BRI REARRER T ER3 AEMBIERE Efd RERRITXRBAES. ERRRE

6.3 Fidevice_t t_times:1 _id:5 _t _index:cari_result _score:4.277

Table JSON

Cid aams*s

tindex @ @ M # cari_result

#_score a am*4277

ttype @@ m * solution

#accept times @ @Qm® 1

tcontent @ Q*  RELHREZLRTREZIFAEAFAERT EX AENBIERT Efd REQEFXREHE
SELRRECELREARMERRYS

tdevice_type Qam* ERE

t fault aam#| RFE2 IRHERAT 58,8 P SR 6 8 TR ER 3. R R A4 & F b A ge 7 iy

t fault_reason @ QM * |5 R a A i ™ B2 BT R AT IF3 IR R A7 4 (R IR 5. & RGHIR
trelated_hardware @ @ @ # HIJ
tsystem_type aamsEREL

5 RO RO AT RIS 1 4%
B A e 5 R Y AR N 2

Fig.5 Specific content of the first fault solution when

alarm information is "power off"

€ AL =
USRS MR-
1AL, HERR i

2. ek g%

s 3. e R (P B AR R

FEGIFARRE
FEHAEF1]:2018-07-02 16:12:37|
FFEERTIR]:1 min 20 s

I PR T
HEMERBERE

B KhE

F6 5 (E B kR R
Fig. 6 Push interface of alarm information

4.2 BHE=EN

Elasticsearch i A B4 i 52 56 5 A W AE, K5
KRB RIE N E A&, N Bk IE RS A
MZME TSN XERBMEREENS A K.
Elasticsearch 7E 17 fiff £ if 2 JE 4T He 45, 31X X T 4%
Fift SCA A Bk UL 5 JFE 7 JH 10 A ik 25 T 25 A T AT

D N 2S5 1 T2 % Lo 25000 A i 2 b o T 2
[a], X} b 0P8 P2 ff B mysql, 7& Elasticsearch Al
mysql H, R HAH [R] A9 £ 45 44, 2350 id s 5 000,
15 000,65 000 Z5 %4 o5 FH 098G 85 /0N DU X L %R
PEULF 5. INE 5wl LUFE R AR R £l 454,
Elasticsearch 7 23 (8] 294 mysql 19 1/9, W4
EX R URE N AR 8 € S N g g
Elasticsearch ] LI AR 4 M 2% fift 0 £ =5 (W) AN 2 19
5] il
4.3 MgEm X

1 56 #E 17 Elasticsearch fit 55 AWML, )%
M Python % 5, ffi FJ A= 7 & FIHE 9% % #5520,
mysql 6 P 3 OB . 1 000 R8RS A 1k,
iR A& 216 GBI AFE, 174k ¥ 8% , 256 GB[# 45 ff



2019 4% 3 #1 EEE A RINFER T ERZ AT EA - 107 -
2 5 Elasticsearch F1 mysql f71i% 23 [a] %t [t
) ) £ % 3L #f (References) :
Table 5 Comparison of storage space of Elasticsearch
and mysql (1] #ME. By ARZeXERRFaRl)] Ty a
I, Elasticsearch mysql &5 ] 1t,2012,38(11).5-8.
Bt /47 125 [/ MB 2516 /MB HE Yaoyi. Research of support system platform of
intrinsic safety of coal mine[]J]. Industry and Mine
5000 21 183
Automation,2012,38(11) .5-8.
15 000 48 551
’ [2] FH. BB WA LA T A3
65 000 257 2 386 /f£ 2014.40(6) :37-41
B TR R MRS NS A TR 100 T 47 5 WANG Li. Study on concept and key technologies of
o TN = 5 e smart mine[ J ]. Industry and Mine Automation, 2014,
jﬁ 500 S’$‘ #*I’ZO/\ /\Qjﬁfz,looﬁ é&jﬁjv 40(6) :37-41.
500 s. (37 BT BBl 70 Bt 3 T 400K 0 10 4 1% %
el I T B Esrally 377 5088 5 £ 7 He PR BRI SE L] M TR ,2012,44(10) 1 123-125.
i, MK B W 8 3 GB /Y json . MK 45 R W ZHANG Xuping, ZHAO Fuyin, SUN Yanjing. Study
K6, NFT6NUFR,QEZXSIBHE R 32 min, & on safety production model of intelligent mine base on
FHRELEZ5 6] 3 GB, & B k/NN 5 GB. HEifit 5 Internet of things [ J]. Coal Engineering, 2012,
RIHE R IE LT 3 B, J5 0588 0 i o )y % o Ao Az,
v =} 4 S, =) N A4 4 qx i * 7] ’ -iufgﬁfmﬁﬁgﬁﬁ J .
VT A R 2K D B e kT LA [jiiwﬂﬁiwif;% IR
AL AR e v et
B LYU Pengfei, HE Min, CHEN Xiaojing, et al.
ikl
RE RIS Development and prospect of wisdom mine [ J .
Table 6 Stress test results Industry and Mine Automation,2018,44(9) ;84-88.
Pk fiE S 804 B Sl [5] FAR L BRIE. R Al A5 B e B B IR K K R 3R
Z 43 BAERS /min 32.660 30 HT]. Lo B 311k.2016,42(7) :63-65.
P4y B2 8| gy A FERS /min 6. 424 22 TAN Zhanglu, CHEN Xiao. Discussion on situation
Mgy 228 e i I /min 6. 735 25 and development countermeasures of coal enterprise

B K /b /GB 5 082 53 informatization construction [ ] ]. Industry and Mine
Automation,2016,42(7) :63-65.

RiIIK/AN/GB 5.708 97

[6] FEL. Hmil(E iRk RaRIRI]. H
N 2 \ ; ,2015,47(2) :146-148.
PSR 0 5 3 P fiE B 7,10 000 & BAF JELRE 2015, 4T (2) 16148
. . N WANG Zean. Res h si i d
E’J%’iﬂ(ﬁ% Elasticsearch ?E%lﬁ‘lmj’ﬂ 5~20 ms. 10 73% €an esearc on current situation an
B8 22 2 15~ 30 LI 708 H P 5 T development trend of coal enterprise informatization
OB —~ So 9
i AR 1] ms . P Al [J]. Coal Engineering,2015,47(2) :146-148.
‘@ﬁgifmmmuﬁﬁﬁ%i&‘{ﬁﬁaﬁu Egﬁ-b/ﬁj%} o [7] qﬁ’m]ﬁ @x?— k%w*‘,f {’ti}]%&ﬁﬁ%ﬁiﬂ-
BT B AR [J]. B9 HLME L 2011, 32¢3) 5 10-12.
Table 7 Query performance of database MA Kun. GAO Ding. BAO Huiling. Discussion on
B/ & 25 IS ] /ms coal informatization condition and development[ ] ].
1000 1~20 Coal Mine Machinery,2011,32(3) :10-12.

110 000 1530 [8] 4B K. T A% .55, 2T Lucene 130 A KT %
MR SE BT ] AL S B4 . 2011(9) 1 40-42.
70U Yanfei, YU Chengzun,ZHAO Liang. Design and

5 &iE implementation of text search engine based on Lucene
ET —Fh 42 301 K 51 % Elasticsearch 154 . 0 ];@ompurer en;; ;\;[(;(Il;;mze;(;n, ;011 J;f E 4(])4;125
9 F K . Lucene G| I AN L M. b 5.
Wiz Y &2 z ﬁk </ H:ES Jﬂ,uv
TE’E?LF'T'EI’JTLF?EE%%I J;ﬁx_zﬂ‘ﬁé 5 b B AR 2015,
PR DE i H AR A P 2 i e DR T Oy 2 A B 4R [10]  JA#CA 848, EiT. 3£ T Lucene £ XK R AZE N

R e e e SEL B, B B M T AERCR . Mk gh R
B . Elasticsearch 8 2 25 HLUC g B 4 iy, ) LA /2 1F
W B A R DL TR AR T AR,

Wit 5T AN TR 5 B4, 2015,37(2):
252-256.
ZHOU Jingcai, HU Huaping, YUE Hong. Design and



108 -

5 B

2019 £ % 45 %

[11]

(12]

[13]

[14]

[15]

implementation of Lucene-based full-text retrieval
system[ J]. Computer Engineering &. Science, 2015,
37(2):252-256.

KA, BUHE K, BB . BT ElasticSearch 4 55 4
P RRGT] IHHHLS AL, 2015(6) :69-73.
ZHANG Jianzhong, HUANG Yanfei, XIONG
Yongjun. Digital library retrieval system based on
ElasticSearch [ J ]. Computer and Modernization,
2015(6) :69-73.

F/NFR LT Solr 193 R 51 ikt 59D,
JEAT L AT AL R 52, 2011,

R4 2. 2 F Lucene /9 HBase 4= SCHK: R I RE %11
5 HID]. B A F A R, 2013,

FA BRI SCH . JE T ElasticSearch #4734 X
B RAGLT]. T RHE, 2018,31(8): 56-59
WANG Wei, WEI Le, LIU Wenqing, et al. Design
and implementation on distributed full-text search
system based on ElasticSearch[J]. Electronic Science
and Technology, 2018,31(8) :56-59.

FRAR I A S 3£ F Lucene A U HER 51 AR 1Y
WEFELT ] R AHLECAR 5K & ,2010,20(3) - 80-83.
ZHENG Rongzeng, LIN Shiping. Research of Chinese

[16]

[17]

(18]

Lucene [ ] ].
Computer Technology and Development,2010,20(3) ;
80-83.

Dl SR VK. KRR IR T Lucene ¥ 8 48 1k 77 ¥
L)) B TR CH AR B2 D, 2015, 39
(3): 260-265.

MA Yang., CAI Bing.

full texts inverted index based on

Performance optimization
method of Lucene in big data[J]. Journal of Nanjing
University of Science and Technology, 2015,39(3):
260-265.

SCRMG S B IS % 3 TF Lucene i 91 305 AT 4% 43 17 1 AE
HEF s [ ]. I HL TR . 2012,38(22) : 279-282
YI Tianpeng, CHEN Qi’an. Comparison research of
segmentation performance for Chinese analyzers based
on Lucene[ J]. Computer Engineering, 2012, 38(22):
279-282.

AR DL AR T S A B TR IC 1Y Hh S 43R B 1 1 F
FELV]. Tl FEdlF 5L, 2016.,29(2) : 115-116.
CHANG Jianqiu, SHEN Wei. Research on Chinese
word segmentation algorithm based on string
matching[ J]. Industrial Control Computer, 2016, 29

(2):115-116.



