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Abstract

The coal industry occupies an important position in the national economy of our country, but due
to people’s over-exploitation and other behaviors, many inevitable coal mine geological hazards
have been caused, and many economic losses and even innocent casualties have been caused. This
article briefly introduces the 3S technology and coal mine geological hazards, and derives how the
3S technology predicts, monitors and evaluates coal mine geological hazards in our country, and
how GIS technology and remote sensing technology work in terms of geological hazards. Further
elaboration and exploration are carried out to look into the future of this technology, hoping to
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find more accurate and efficient methods to solve coal mine geological disasters or reduce their
occurrence, which has certain practical significance for the vigorous and stable development of
coal mine industry.
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2. By HRRES 3SHER
2.1 BuMRRE

g X I 5 H R B N NN REFEFARKE, BB, NRERZESR T AT EFR
SEE A S W FEEIN, BBLLARE T W, TRARESRE, BT R R IR TR
RKEPPIN R F[L]. WRIEHRE TR, 2 2005 FHE A 1L Sk F] 23901 4, £ 1950~2005 1) 55 4F
[f], HOTSRME . HRAEIX AT R R AR Z, YRR R S T7%, B A 10%0)
IS . X T FE B AR LI R SR O8R4 10,869 2, 112 4779 NIMFET: AEL,
HEATRL) 17458 10 X TEAEHRIHT ICE R, v, W, B, =@, Wim. iR, 5t
M BE. . NS G R E R AR B AE 300 LA E, i SRS R ILTE, 2242 ik, H
U 1666 AR . BRI BRI 1 Fs . X8R KR AR REER 5 8 YRR R IE T A B R
EE[2] [3].

2.2.3SHER

3S AR I HE L4 Bk 2 7 2 45 (Global Positioning System, GPS). i /#&(Remote Sensing, RS) Al # {5
15 %4t (Geographic Information System, GIS)iX = /N7 %O —Fh S A5 B AR . 3SHARH 20 tHa
90 AFARHIIHIL LK, REPUE, RWRRZEME BN EREA I, NHZ, ERE HE, LA
FEEE, st o I M AE AU ETmE A V0 A, BRI, B RIRHO TR BRI A EOE ML R R, MixtT
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Figure 1. Statistics map of mine geological hazards in various provinces (autonomous regions and municipal-
ities) across the country

E 1l 2E&EEAX. BEEDT LRRESITE

3S HIARMIILARHMBARRG MR A, FlnAz. BR L BT, JFH 38 SR T4
PR AR B A A LA S U S D T AR — A O S5 S A AR 5 9 T R S A ol 4 R
SEROLE, RENS IS TN A S B 5T 0 T B SERR A, T — 5 AR B AR HE 1B BRIR AT A 5 R
H[5].

2.2.1. IKEMRL(GPS)HAR

4Bk PR 5E L 52 48 GPS (Global Positioning System)#2& [ 1973 4236 [ T4 1E 20N A A 1 1 7 B 58
—ANERDEGMAS, RHAWLESMASG PR LN 2K, FET/EREMIGELLSE T
S ROBEWEEA, BRI 24 FiF A B AT I R EE . GPS R4t F 2 = K4 A i —— = Al
g~ HUTHIPZ R 20 A0 - #3558« GPS HAR Z AR 720, AATTRERS 55 B 1738 2 GPS 15 B %Ik
Bl A58 H P LU F-RF GPS 75 &N it T pii i3 i B0 Kl BT &0 b 53 S 88 33047 @ AL A S, =i 0 HL
W9 75 {5 [6] -

2.2.2. BRERS)HER

BEIRBEAR A N AL S AR R AR B B 25 B R o TR GRS H bR B AR I Sz
JERAN — PRI AR HAT 32 S5 R IEA BRI IE BT, B R fRiE S P B i e, 4
ORI TR T8 S 48 Vo 25 AN 2 25 18] (R &% Rl & _ERSRBU R 1015 B, AR5 I8 Bl i A ab B, BEmor7e
HOTH IR TR . K/ LB PRI R S A BOC R — TR B AR R (7]

TS AAE b 57 9 T 5 T B AT X TF R A L bR B ER A R SR S AT — AN
MRE . SEgmMTRE MG JTEHE, B AR RERZ A

1) 7EA5EIRE b, MRIERECEE o B AR, Tk Suth i R A W R NR 2 N W%, &
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3) EMFRLME F, SEREEORIE N TR e %, B SRR A BORE, R SR IH BORE, S oL I i
IRk, SEAF L SCIL DI RE, AL SGeb i i B AR, ARA REIREL 2KV Bl 3 A2 AL s -

2.2.3. WIBERRL(GIS)IHAR

GIS (Geographical Information System)——Hh#E(EE R4, £ H 1963 FHMEKS#H RF. Tom-
linson B 26 MRy, JFIT R 7R E5 — N5 B RS (CGIS), MEER AN KR, WIHER RS
WIBHPWNATITEM, KERE. GIS REMIE, M. BIEAGEBHAN K, FIHTHEYE T
B 0 b EE 2 (R HCHE AT IR . B ARG WoR. AT AUELEUAL, DAY A A B A G IR AR B
o] @i [8]. Herh S (Al 4 AGE it 73 A /2 GIS B I DRE, Tz N T35 9 35 (e A i b il A S AN
T YA ) B S B PR VPN R RS M VTN S A, I LS TR R . GIS AR W] DUIE i PE K I A
BRI AN 1 RAORE A7 (1) 41 2R B A (8] 43 BT g 0 2 R Mok F R E R T 2 ME A i, FHEg 2
PR T PP AT 2 T 2B VEN . L 2R TFLAA VPN, B 258G B Hb R HhU ¢ I e

RESER
3. 3S FARK A JRTE
3.1. £IKEN RS (GPS)R AR

GPS 3t H 7 A% G BF APt o7 Bl i I 2 S5 A rp AR 4643, A wli AORDK RS I T RAR T,
e HRERE . A RTEI TEZVHAE TAE . mRCR . AEIRF RS KRR EGE S mEaGE R
P %A NMITBORER AL GPS B ERTIE . K GPS Sl 5 A BRI & 7E—f2, AT Lhdd #odfs i 4k
NI B SER AL S SAUIROCR, XAEORTZ (R TP TREN A AR TR i & TR ARk
E.

3.2. BRURS)MARE

T8 AR AR — MR U AR B et A2 o 3 K R B ) AR 1 DL AR B AL AR s AR R 34T —
NG b 5T 5 R IR B S, 18 AT DA IX P 0 ) — e kb 5T 45 M B TR AR 0 SR S 1R AT 0 A AT 3R
AR XA AE B, thin: B MIE e MR KR IR i 35 P Ay — S HAh 115
B[9], NHEELE T GIS HAE, WX SMARGEEITZE 00, 1Rl B8 2155 KRR,
B E 2 Fis.

MR, R R TR b Ok T R ] DA AT e S A I A W . AR D oK v L SR R ]
G T 20, 18 B R BE 08 AR 4 Hh A SRR AIE S 7 T L' U B s I B A SR R IR B R E R,
e R PR M L R DR 5 M 5T R AE 38 [ [ SO0 2 A K J=) it b T (Landssat) 3 #5085 & i ] A BA %
FHRAY AR IS 13 20/ Landsat EE A 1 Hb30 SR RRAE DL R BH 52 55 8 il A0 B0l e 3 . MR8 a. eA
T R E . [FR, FEF o ANLE B [F) 10 28 J8 A% s 5, Re % B 7 {8 A7 2 b xod st i 1 s U
TERER R NAS B¢ T Xt - ih 78 55 AR 0, IR FE AR AN AL B S &M E B, Bt %
PR TN BT AR B H, RO AT HR B 2Rt R s (5 B s, S sent W X st R4k, AHT
X Hb g o< S B AL T8 —F s, R &SR — A X R - e A sh & 0 IR S PR R 4
[10].
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Figure 2. Remote sensing work flow chart
E 2. ERIIERIEE

3.3. HWIREERSG(CIS)NFRE

HHE S R GUE T . A8 IR 2BREN REURINEBIM AT 75 Z1E L, B AT SebrFE R,
e BEFHGSE oM, IR RN RO B T4, Rl b5 R BT A4S R . B
W IR TR R L, DUESEIUE BT S e I, Sk, GIS PIThRERL AL BT
ER. Wb, EHER, BARK—FE[11]. £ R E45, hEER RS EE RN
YRR, AT DAIE S HE ST 5T o 55 B T s MR 45 R XU PR VP A . R GIS S STIRER ™ i 5T o 35 1 XUR: 2% 6
PEANRLAY, AR R B A BRE N R GIREUW SEBR AL, MRS 2418 775K 20 B Hi o o 35 (R fa ke e
[F I ] 3k — 20 3 Wiz ik 5 B R AE S IR, R R B R B v e, S A L R B i AR A 7 A
#AT .

4. 3S BRI LR
4.1. TMThEE

GIS FiA T B I 3K LAl 5 2O ER™ Hh ot o 25 HEAT T -

1) GIS HYEIMGALER: CRHR A= X N BB R B R, AE AT S ELWLER 32

2) GIS %l : J& SR A B A 5 R HL 5 A 7 A R FRD B R E R A £ P8 R et 1 K 2 8 2 J o M 114
HE Ry, BAE KA I T I e AR A DS B s 4 2 Rtk AR .

3) ERET: 1% Be AR K N5 e T I TN AE AL, el R R R AR, I R U 1) AT K A
i, W HrEE GIS Wl A5k

4) BTN - WA A B3 5%, ST B 00 SR SEBUER Hh 5 ok AT [12] [13].

TR B 5 TR, O E LIRS R GIS HiR. VLRSS KIRH E AR GIS HARX
R BB LR I EHR TR TS B AR B S S R AT PR B, ERYE Z AT AR
R M5 5 T S4B 5 S0 DR 3R % AR REAT 0 M AT A R 2 40 5 5 T FR) T ROL 3R DA R A A 48 1l R T
Jo BIUNRAR R A MR F, £ B R AR ROK AR . Wi iE . KR FRKIESESE . R
BT R R A AN EBR N R G, RN R R R T R, Fe ki, A GIS B

DOI: 10.12677/5€a.2021.104059 553 B TR R


https://doi.org/10.12677/sea.2021.104059

SKANSE, B

B RIER % 5 B2 (COVERAGE). T — il BeE s =, BEATAH N =2 (] ge it 20 A, b mis 5]
REESLAORR, KRR 45 R 5 2 AT T R T BORME BT 2 MG, BRI a0, it
RURT AFR AL A, 3] DA a2 DX A o7 o 2 TR 2 [14] . EL A TRE I ] 3:

L@ﬁﬁﬂl Ligesie | [ se=gitas

| Emas |
REE#&TEmﬂﬁﬁ
RERZE
B v
* | cisemisag |
ﬂ??ﬁ e
- &
SR (= E4RER ™
MR EALR
y
ERETN

Figure 3. 3S technology of coal mine geological hazards prediction model process
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4.2. ¥EThEE

HEATHE ORI 0, RIS, PR AOE, TRAEE # L k%
T WERT R R RS AE AT, SR I R BB T . R
AT TS0 E ORI, AR 58 V00 05T F 26 B 4 BRI A K 25, i
S 22 05 30 7 B L R 5 55 5 3 D B S PR VP A 42 1 R [15] [16].

BRI, T BLEIDH S T VRO S BRI MR 5 8 5T 0 A BT SR
JEL I3 5 4 A S B T SRAS B ) T VR E B 5 85 U PR SN, e
5 5 £ 2 6T S B MO AT SRR M ¢ T S PR o SEBACE 120R BORE SEAE MR K 2 MU
VRRGBIR, (2R L SRR R, T DL BB M K SRR A B

Bi: SRBEAR A TR T T R B LR S BT BRI, BT 12 MR SR
UNET R T IR U BT (AHP) 5 BIRE MR 5T VRO TR AT BUTR (03 5, JF A MR T e T
5 F B P e M R PSR L(GDH) [17], 2430y
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i=1
2ol 0 PRI B A0 W R § AR TROBGIE, Dy 8 § VR B o 8 A K T OB,
5 RESETR 55 R TR AL T8 T 2006 4EHeA R GEHEH H0 T 4 B IR T BURTIEAT 45
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Table 1. Classification of geological hazard evaluation factors
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