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Progress in digital and intelligent technologies for complex giant systems in

green coal development

WANG Guofa', ZHANG Jianzhong™’, LIU Zaibin*, PANG Yihui>®, WANG Tong', SANG Cong™”
(1. China Coal Technology & Engineering Group Co., Ltd., Beijing 100013, China; 2. CCTEG Chinese Institute of Coal Science, Beijing 100013, China;
3. Beijing Technology Research Branch, CCTEG Tiandi Science & Technology Co., Ltd., Beijing 100013, China; 4. CCTEG Xi’an Research Institute
(Group) Co., Ltd., Xi’an 710077, China))

Abstract: Analyzed the new situation and requirements facing the green development of coal resources in China, proposed a complex and
intelligent technology system for the green development of coal resources, with the goal of green development mode and geological trans-
parency as the basis. Digitized all elements of coal mines, and completed the precise real-time collection, networked transmission, stand-
ardized integration, visual display, automated operation, and intelligent service of all information in coal mines as a digital intelligent
agent. By integrating a series of key digital intelligent technologies, it promotes the iterative upgrading of green, intelligent, balanced de-

velopment and control mode of coal resources. We have refined the “digital intelligent mining” technology and developed key technolo-
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gies such as the digital coal mine intelligent logic model, the “mining equipment” dual dynamic system coupling analysis model under
complex deformation conditions, the mining equipment group health status evaluation and remaining life prediction model, etc. We have
proposed intelligent control methods for mining systems under the intelligent logic model framework, intelligent mining complex scene
comprehensive mining equipment group posture recognition methods, global optimal planning strategies and collaborative control meth-
ods, equipment health status recognition and fault diagnosis methods; Interpreting the concept of “transparent geology”, proposing a path
for transparent geological security technology, developing geological transparency technologies such as fine geophysical exploration and
drilling, dynamic monitoring of surrounding rock conditions, multi-source high-precision data collection, multi-source heterogeneous data
fusion and interpretation, innovating geological digitalization technologies such as static geological modeling, dynamic geological model-
ing, precise geological security of working faces, multi-source geological data interpretation and fusion, multi-attribute dynamic high-pre-
cision modeling, synchronous mapping of geological information, mining information modeling, etc., analyzing the application value of
“transparent geology” technology in underground resource development geological structure exploration degree, revealing the physical and
mechanical properties of coal and rock, “three field” changes, hidden disaster factor prediction, etc; Analyzed green mining technologies,
including green sedimentation reduction and water conservation mining technologies, as well as well as collaborative management and
ecological restoration technologies above and below the well; Case analysis was conducted around three technologies: intelligent mining,
transparent geology, and green mining. It is expected that under the current situation, there is an urgent need to accelerate the transforma-
tion of data-driven green development and management of coal resources, and promote the high-quality development of the coal industry
into a new stage.

Key words: green mine; intelligent coal mining; intelligent mining; green mining; geological exploration; geological modeling; trans-

parent geology
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Fig.4 Analysis diagram of cylinder positioning accuracy control
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S W02 00 245 25 H R ) f R S VEAG ik, Ak
fifppe TFEARAS . SRR | IR T A PF R B fERREIR
PP

)& T 3T EMHE SRR IEIC I MY £
AE IS} ) 73 T A ) (KPCA-LSTM) . Z5 R ph 28 X 2%
I TG PR 2T AL (MSCNN-GRU) Fl H 13 141
Il TSt ] )5 37 F510 ( Self-Attention+LSTM ) 45 4 25 %]
2 5 £ T i 7 o TUIN v, ST il 2 4R R LK
Fet (0™ FH 56 S5 6 1) 7 A TR A8, A B DG i
T LA SR LS

3)WEE T I ] R RE R A Rl 5 4
BRI T, S BT A E ) AR A A
B, W AN TE G ATR EAR (AN AEAE DR Y 52

4 “ERME EARERE

4.1 ERAMRREE X K& HE

JHER™ 375 B b 3 2o SR T B A B Y i A
R R B9 Pl P TR b T 5 A B B S0 o
2 A 25 ] o0 A 5 @ PR, DLBGER . R . SR8 48
i A6 b TS A A T L TR | MBS | H
JEJE P | SR TR A X G2 ) — AR, S b o A Y
5R4E TR SR VLRG, A 77 3 5t 1 5
AP HER TN TR AR

7 B Ml BT AR B R G R R EAAELLE 3 4
J7 I

1) BHE9K3), 7 B b 57 O B R GEARORS T3 5T . 4
PR.BR SRR 55 2 IR AR B, DA
A TR A HE T 7= A Y S A H PR o ok S A
AT EAE U8 ST BARIE G RRE TSR ROR AT
THAL IR, B PRASCHE ) MERR I A 0bE, S R G HE
KB AT A R S Rl i

2)BERISRIR, FFHAR B EcHs , 175 B b o R i 3R
G0 S s e TR R 2 AR R BE S R AR A
X2 | R AR EZEA G DL, BEE R85 B
AYREAT, SEE SIS ol EE b B (R S S Tl
R FR B AD HE TSR 0 MR T R 25, R A=
FEHRAIL AT A SRS B S .

3) e, 175 BH M T R B R G A R A e v
KAEEEEAEH . BT =4k TR A A0 5 A5 dE
=B, RG] LT RIS D1l R, 45 R
PR Ak o A, i 1 % RE T 2 4t K i ook
AT 9 F S T s, anwr 2 . OISR L KESE, B
TR AL P2 TG Sh i 2 it . AN, RGEE REE XS
Wi Fe AT S A B, SR W9 B IR A e 1 AR AL
W0, A e e SRR R A . RGBS
AN G PR AL HE )l Bh o 3R T, Qi o RGN
FRE = 2 375 W b o 50 1 ) 6, SICIAH DG DR SR S H, i
— PR TARRCRFIERE .

42 FHAMFREINBR FERSNE

SR b I PR B B PR 2 4 R AU R I O B,
UTAESK, 4Tl & FIT B T — R IR R, 47
VTR S0 RR T I 20 28 B b AR A8 K 8
R MBI N S /N XA Do P MW (A F: )
JRANE AL ST T PR B4R TR TR
B R H A B A 385 B AL 25 R TR T 1 38 7 B
RPN P ISR Y T T A W M R A R
T SR b R BB AR ), T S e 1
T A IR R RE S R A Ty RO 25 A,
SRR b o PR R R S BIORS M TR 1 A B, LS
AR T e TS AT . RGN TR IIA R,
TR 5 H AR G, 12 F = o HE = 4 AR
FLRET: | IR A 2RI HOR T B, K A I 2 A 2%

7



2024 4F55 11

# £ # F H# K 5550 %

A Hi SRS 3 S K SCHB ARRAE ;s FIF B R T 6
AT IR A0 ] A Sl 2 S A AR R ST
A e BESH S U ) B, AR B R s Pk | 4
o BReA ", DR

Sy i DR b ST B A AR, i LA A5 R, 1F
TERT I B B -m” =240 4 BiE
B AR T K 5 2, IAJES )2 b I 5 A0 B 5 Ak P 1R
FOR MR, 38 o TR B ER O AR S R R
G SR AR, STl Akl TR, R b T A
M UEE” SR TER) “Ar T 2, DU BERLRAE . T
VEMECTF AR A . N T2 RE U5 20 Hr 45 g FH D) ek 1
AR, MR 55 R R R & T RA K%
G
421 ¥R ERARE KR

DEAERIREA . K KIRBAMIE TR I
AR B FLE T A AR . AR R S ok
W5 il 37, A6 0 T3 600 ~ 1000 m [
2 AL, 456 B LIS g 5 - B, S
BALAR AR AN 30 m B Y & K X BT R) 3 )
T8 I B R AR, AnIEl 6 TR .

Ko KERKARTE

Fig.6 Diagram of long excavation and exploration process

LA, B A2 [0 Bl 2 AR B AR B A S A ) AN I
THER, R IR AR AR TR ARG S5 1 U T
B R BRI i R SERDCLTFEIRA) 2 BT,
S5 L 21U 0 ) 00k 0 ) SRR o o TRIIT, 8 £L
W A8 LR SF IR BOR B A8, it — 05 T =K IX
R M S T BRI BE 7, 255 — 2 MU= ORI i o
B MEREEOR, D ik E A LA SR AE T
A AR AR

BEXER IO R PR EOA, A 4 2 4836 ) 7 e
T T 2R 1020 m 1958 AL, it gl
FLIGEAS LR ARIN, £ i A B T 2R A 1 7 B B AR
W= R K X, B IR B 0 T 58, A RGHE S T 3 ot
REFERRA, R R TIPSR 2

8

2) BEHRBEEREIA o Bl FEAR B A I 18 1o 7
A 5 5 4 B R AR S, K LA R AR BE I
A IRESE S AR IR, S RSO R e 18 B )2
B it | R DXCA M o S5 AR 9 B S0, i
DGET A 00 45 b 72 500 S5 I i 20 v Ak B R, A
L A Sl A A A R A 5 4 A i AR A R
Wit g = AR AN P 7 B

W7 MEHRERNFE
Fig.7 Schematic diagram of earthquake detection during

excavation

B Hb 7% £ Ak BREOR AT ML RE AR T,
Vit iR E A 114 S I RO B2 2453 T 8 4R T .
PR AR 2R 58 C 22 RS S I 2 PP ) 3t e s
SRAEFNSE IS b B, Ay 2 T A B 1 3 T Sk
Ff B A5t R, Bl b 2 A b Bk 5 A
DA, FEMHER PR SR A R HER WA W T

SRR R Bt A BE AR B, 7 4 b8 T8 R T A
BT MR AL AR BRSSO A A 5 AR
PR RN o WA AL, B AR
TR 5 M A 3 1 R R AR A SR, D A I
PESRAE T RN | A ) SRR, A T M BT
FHI AR o

3) AR B o B R RN B A 2 )
P RZ AR FP 08 42 SRR PRI BRI, 38 i 4
W73 B Al e A 18 B R R AR AL (U= | B SR
I A ST BB AR5, SEBURT SRIGE T AR 1T A A i 3t
TR AR o 2B G MR R AT, BERE W A
JEE M4 718 AR T PN B R 2

ULAFA, S DN B AR A A 5 A BN IS5
BRI IS T R . BUAAL AR ARG T 4
M MRS | B e (IR L, AT A S i B . v
st R PR o RIS, B e P RETT S HLAY BLHT, St
P 1) b B P A5 B R T

FE L P S RE SRAE T A 1 [ SRy, SR P B
P AXT TAR T N AR AT T At . o
AR 7 M AR, B s T T AR TN R Y
Wil2, S5 2 HRARTE 112 mAbSZBRiB R T)22, W20k )
190°, 55 S SpHE il ffg R AR W 2 2R — 8. o S Sl



FEESE: BRGOITRE 2B RGEBE B AR TR

2024 4F55 11 8

AR B AL B o Fgp R A, A 18 G JE 1) T A
TET 1l ST | A% Sy SR M AR T 22 4 R SR AR I A AL
PR

4) BER AR A o BER MR R I B A A
FHRABEALEGHI B BE I 7= 2R A2 s AT 0 2 IR, 7RI
AR TR S T A B R AR SRR SIS 5, H Bl
R b R HHE AT B AS AL BB AR, A R T
AF T 5753t 904 3 0 M e ) A B LA 4 R

B 1t 7 B SR A AR BB AR B AN W R i B
SRR RN B SRS B2 AR A 2 T T
RGO AREM L BIES: . mE I BRAE, 4 e
HERYRAGIR, BERS A s o FE R A M B 5 [
i, B = 3 A BRI, BlR 3 e Xl
AR A BEA o BTt AR 75 I = 2

R SR M A R P R R SRR, fiE
5 SISO Ak PR ST LACE L BE IR A= B Ml R 0
{7 o I R M A s 1) Bl A Ak PR e i A5
AR RS A R A T AR i 5 M SRR 3 11 oA JEE A
BER . RBARTRBN N EF A S It T2
(st A, B OR 1 IR AR A 2 2 MR A

5) Bt R R 2 AR o B PO M DM A A (]
SR AR T BB Z R 1] KAt L A 50 i S LR
AN LA, e S S P DD A S A A, S
M AR THURE AR 35 7K 2 AR A3 R PR AR i v 3217
AT B ARAL I O o IEAR RERS A BBl 7 L 9 T
B IR A PR AR TR KSE 9 E [ AR {1
SR S o

UTAER, R P 1 M A A E A AR AT i3 KR
PN PR AT T R UG T R . SRR
HUE IR RS C 2 RE S A Sh ik . miks B2 A4 it
SR AEFNSL N AL B, S 5l ) M BT R R AR A T
FERVRAE SR o [, BEAE =4k B R R R 1Y
I FH, BER: R ik W 0 45 R A A RERG BE 3  E
Tt

PR 55 oty B [T R e A SR TR R 12 M 5
AR FEERAS TE AT BE T R PRSI, S A
JZ TR MR 55 7K 2 B K A4 32 B AR 285 R 3 3 555 47 Y
TE A BLET 3 Ao M S0 1 S T R B, A
INPE T Z ORI R, B 0R T AR % 4
[l R B

6) WU MR DN H A o ol M 3 A 2 i e A1 B2
Il , B WO R R b AR . S A AL TE
BRI AR N R o Gl XA A R R AT B
A L MR R 9 20 A, B 3 SR B 1) K

& R L5 R R E K2 M BE R sh 8281k, & 2Tk
PEAULSTET I A 2

T 2 0 0 3l 18 A T B s SR SN B A
WL R T W ERT . REC LRSI
W RN B B R AR RN SC T AR B, SRRt R v
(224 IR AL 7 ) S H L TRl BEE N T RE
FE R A 4 0, 0= W 540 %) A B B F
TERE WA R T R E S

ST TR R B OR T OB IR, 7R
JET A B AR T 2R WDl o 8 2k S
DU 53 B 50 ) i 5 = A2 () Al , D T 1 22k Tt
M 'E T AR R KB o IR B R E R R
1) 2 A W AN P R AL T R EEROR SCH, R
TR RRR L HOE-H RS W N
Kl 8 7N o

7) MR A SO AR . MR A E RO R
BTl R B b R AR O, S sk X S B R )
() M RE U Y 5 B A B b R IR 54T LA, R
PSR AN W 8 b B, (455 Y 5
SEBRIIE Z A1) 15 22 /M o X BT AN E TR T
M= B E HE R, B FE A T IE B4R . AH A
FT AR SRR, RE 5 B 1 & ERA 09 T M o
ZEfE R

Bifi 5 1T 5 HLASE {2 AN Sk B ) 6l R R, MR
LY SO BARTESL bR TR BUS T ke .
BB AT AR S () O Ak B (A5 RIS
AR W AR WIE SO A A R [, ENARE AR
FFEIeAE B A BN H L itE— 2B 48 T T i i s e
PEFIMERAE . BEAb, BEE =4k R R EF AR B
W N, = A b 7= A P B E W N A 5E H T S
SRR T B
422 IR “BFA HARBE

D) A5 BRI BoR . T E et .
2 @ PR Ml 5T ¢ 5 [R) 2P W S R BOR , AT b
T A5 B 620 M R e 5%, B 36 W A 4 2
AR e 5 = 2 b B RY Rl 5 BOR, SE B T
Y B 5 S AR G B fF S ELER BLE,
B9 Fim

TEYE HE TAE T, 5T {5 S ) 25 S B AR
=Y 1 i R )2 6 R 3 ST ) A e R R HE
Z5E HI R BTN FLA R . AR SRR
TARSE Z A, 15 FH S O T 47 (5 530 125 A ot Y
AT, TE AL S B2 L TURAR . 57K )2 S b BT
T (ARG A0 b AR B R R AR I A, SE

9



2024 4F55 11

# £ M FH K 5550 %

o

GPST A

A |

BB
IR

T LA

HepE AP 0

8BRS R
Fig.8 Schematic diagram of microseismic electrical joint monitoring

AW B AN Tl AR, 2025 T b AR AR, 1 O 9
I R RN A . %A R RE S AL 1E 1
AR SRR i £, 00 bt 5 S R BRI, Sy di
HENL A AR R O e 5, RBA% WA R THE SE
VB2 AR ALK

(] SR AR T 1 A 5 [ 25 B B R R T =4
b R A TS B P A S b AR AR ME S S el AL M
J2 IR AR A5 i 2 PR S5 KA A6 LR, S T A T Y
Ko R b o A ASE . i T SRR AT, R R RS
TN ol M R, oL 258 ) 54 S ek 50, 3 2 o
JRAREY, S WSR3 B3 AR RS L . %R
AL FE RS )7 L, A 35 T b S A 78 174 0 4]
IR, 16 AT FE R 2 R G Bl R AR, T
TV b J5 S I L, ANWT)E L B TR AR AR, R REAL
Py =R A A P i e 5 S g, SCB IR T T A -
BL-ER7 11 = R IR ), 48 s T SR AR M 1 22 4 1 N8 i
Ko

)0 ILE BRI AR . 7E5 I B AR A 1,

VAR
SR

VLRI

LT T, A RS AR EREE R T
PMLEL IR A . TR S5 A 1L X 2 0 B P A 3Rk 1 75
K, BUIET X G S OE R, LA A A I S
SBYES 5, AR IS sr S | iR
SCE S, GRS ERIE | BARASH . A 2SR AT
A5 AasE . RGO L AN S 2SI 1R A
RIFARAR R, 0 10 Bk,
423 “EURRT 213 R AR

1) 385 W 1R T AR AL AH R . JE T =4
JoTA5E Y 55 S s W Sl R A AR 2 R b B A 1
()32 WARASIRY . SE A A IR R AR | AR L FL PR AT
WIS, R AT A 4, SIS E IE TR A . R
SEEATLAR B b T A5E 0 A0 R A i 2 1) kR, BRI
PEEIRR, SR m R 5L 2k . BT e
D5 B A P a5, S Wa s 5 0 Tl o i K B ) b
F R, R A A BRI T R M
PR Re L AE B, I8 S R B A S5 3, R e Tt
MR TAEMZR G304 -

CERES 7RI
SR

By L

K9 HPAHALSENEE-ETE

Fig.9 Schematic diagram of geological model and monitoring information fusion

10



FEESE: BRGOITRE 2B RGEBE B AR TR

2024 4F55 11 8

pEis

MCAD
JASE
Io'l’

MEDB
A

Bid 002 9%« Q@ ¥&I

HIERML | s
PR INAEPIV-d

MGIS
ik

il
Bl vt

10 7l AR AREK R

Fig.10 Mining information modeling technology system

2) R TAETE A = SO TE . SCBLHR
TR 2l AT, 3 i 44 D ) 8 £ v 2 O A
K BE, 1 HE B B 45 A AL P R v R A SR R
HERR R o H AL A B 0 2 A v, AR 0 375 B b A 7
SRS AT, [ SN0 R A R I AR i 2k, AR
ol G, b TR 1 6 M ) 52

3) FTF W R B B A K TR B 235 R A
BRI . ARSI A 22 PR, RS ER 2 5 K2
PR ZK 2 | DR ) s 45 S Bl K Sl JoR B R 1) 2 [ 3 A o
FEBHIG /K TRE RS 5 S0t o 7 v, A8 B3 1) e A5
R, TR BB EDW A HT b TR . B K 58 X
JOBAE KB, RN G K T 3. il T
adFR A SR W R KA AR TR R T RE S I X
A K SCHb SR R, K I R B YR K R i . 1 a2
FARARAR, 7 BRI IR K AR, P4l TR XU,
AR BIR K TR AL et 5 AR . BRI
= T BEIR/K TR RS THAE BE 5t TR0R, [l S A
W A PR AL T IR S A 7K SCHB T R

4) BT3B B L B B — R4k BIM+GIS B
SEEEE . WERATEEZ, M KSR
PR PN I A — A TR AR, (] s A B A T
P AR WG SE BIM B, DR bR IRER |
2230 P25 % GIS Bidl . i BIM+GIS F & [ i 45
fa B, LB T B s s B — IR bR
AT SRR R SR . AEE R AR, Ca
W R PSR Ak, ZhAS TR b T A 5 BIM %
R B ORAE S SCE AN BB T e P . RIS,
& B R AT . N TR RS RO T B, 100 1l ot ¢
TR, LA R, R A ROR A b, %

TN IR BE T 2T7 07 225 B0, i)
TR A A B R AL REHEIL A

5) 3 T3 W] 3t 5 ) B e B8OA A B L K
HHPE . BWMBARGEI T TAERBZ | b
a3 7K FCHT ., i s A5 B 5T R A B
75 W11 2 BRI o A R 42 o, 308 e o T s A 282 ) 3
AR, RS 5 2R 7 R e M A AR SR I
gy, ST M I FUE, SR A AR I, X B
WK AT AR

6) JE T WA T AR 8 L TP TR AE SR
o RAHE RSN 1325 W1l o 3l SRR, SE R 7R O
SRARE BB RE M, S SRR e P A 2SR
AR P AR

‘GEFR FARERE
N Bl

BG4 FEE. O AU RS E
ARRRER AR) SR A A A 0 7 b v Jo o i o ) B 2 4
Hov, BORCEOARIE T B, M52 W Al R i 42 A
TS SN S IR R IR I EP Y S S R T e
HCE A M 5 i A AR B AR 5 2 0 SR B TR
A, AW Sh S BB R BT SR (T KB, I
JREIRAT HE 25 SO AR B e 7 b T R R T Y
W Z B, R BRATEROK T At S IR I B R R
B, FRRI IR T A s o fl  IRE | R
J7 ) 5, JRUR] BE I AT R i R AR AR AL B,
WA K AR S B S T [ s S B
K EVA P Y R Rt b - b B R AR R
RIFHEATERA IR B, SRR B S A8 0T R A3 X
A A FR 5

5

11



2024 45 11 ]

# £ M FH K 5550 %

51 FERINSHERAFREAR

PR GEIR MR 25 S8 AR R AEWR R AR
FROBEIR, TR &K )2, 51 BB A 2 DURE, X 1
A N BRI S A B IR . DAk,
SRy A R R T SR 3 b B TR L 5 K 2 R R A
() R, BT B T 4% F R L BRIBFF R . FRI TR
A BRI RS 2T S T REBOR, 0
BT IR o s TR AR AT Lk /b i 2 TR, (HAl
31t UK IR BERIR 2%, R, W 45 R 5 7
I RFATE G, W ATERRRH R ITR | T 5K )2
A TR, 2 e R e T U R

(a) KRR
IR
g s

(b) I RARNE

A1l HeERAEATE

Fig.11 Schematic diagram of green sedimentation reduction

technology
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mining areas
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