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Abstract

Coal mine safety is directly related to miners’ life security and national energy supply, while unsafe
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behaviors of coal mine workers are one of the key factors leading to accidents. In recent years, re-
search on coal mine workers’ group safety behavior has gradually evolved from individual behavior
analysis to systematic, intelligent, and group behavior simulation approaches. This paper system-
atically reviews the research progress on coal mine workers’ group safety behavior both domesti-
cally and internationally, focusing on the theoretical foundations of safety behavior, group behavior
simulation methods, and safety behavior early warning mechanisms. In terms of safety behavior
theories, classic models such as the Accident Causation Chain Theory, Swiss Cheese Model, and
HFACS are introduced, along with the latest advancements in systematic safety management. Re-
garding group behavior simulation, methods including System Dynamics, Multi-Agent Modeling,
and QSIM are analyzed for their applications in predicting coal mine workers’ group behavior. For
safety behavior early warning, this paper discusses intelligent early warning methods based on Ar-
tificial Intelligence, Bayesian Networks, and Fuzzy Comprehensive Evaluation, while also analyzing
the currentlimitations of early warning systems. Research findings indicate that coal mine workers’
safety behavior is influenced by multiple factors, including individual psychology, group interac-
tions, and organizational management. However, current studies still have limitations in integrat-
ing group behavior impact factors, improving simulation accuracy, and enhancing the real-time ca-
pability of safety behavior early warning systems. Future research should further integrate Artifi-
cial Intelligence, Deep Learning, Data Fusion, and Intelligent Monitoring to enhance the monitoring,
simulation, and prediction of group safety behavior in coal mines. The goal is to develop a more
precise and intelligent safety early warning system, thereby improving the scientific and practical
effectiveness of coal mine safety management.
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2. RETANEESERIK
21 RETANER

A RZAAT RN B FOLE 20 WA IR T 757 B 5K, Zoad — ML ik R, 0t 70 R H i et .
1919 4, H[H 1) Greenwood F1 Hwoods 7EXT ) 4% Tl G vH A 78 i) Bl b, i A7 78 SO A A )
W[1]. ZJ& Heinrich $&H 7 FH A RIEB L, IV NIRRT AP Z 2RSS BT FHim
KH:[2]. Reason 7E 20 fHhed 90 AR T AR FHOBAL, FRAEsLEAE b, $EH T 5 L 4 B2 (Swiss
Chess Model), %I BN RGEH TEAE R R I S HAIRBIH, 28 SRR R3] 2T 5 L W51
RERY J g K () HFACS #1118 (Human Factor Analysis and Classification System) £ B 9 24 Bif [ bRt 43 5%
B AL SEAT ML A BT N AN 22 A s A 45 N R R i 1) B T R [4] [5].
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IL4EK, fF Heinrich fIl Reason 5223 (I HE SEaE I, WAMRZ LR ZEZ ;LW 7 2217 NI
MG, IR T SRS A P, “ KRG FEEA” (STAMP, System-Theoretic Accident
Model and Processes)ih A, 44T MR RGN L ERMEAEHME R, FHWRENMUEMEIT N
RARMEREG R, TRERGEHNLE LA RIN[6]. STAMP BAISRE, N RS TR ML ER
ARG, WO RGP IR, DA REAR M. TTARE, Re8E. 2850, Z48X
FE 22 A SR R AL 2 A GRS R EZAE I [7] [8]. AR HE T IR TN 224 e (118
MFRE, 24 IR 1 IR LI 22 AT AR, 224 SRR (BL3E 4 ZURN (7] 2R 1) 35 ) e 8 PR AICHR T ) 22 448
F&, 1AM T A 2 e FPAT I . Bk 4, BUT R ERRE . 24l TIEE ).
ORI R 2R ARG L 22 {5 & AR I 5 85 B il 2 S BR T 22 4247 1) G IR 2R [9]-[11]
B, e s AR R AT RE S BUIR L 57, AT PR 22 B s % 5 R L858 AT B e oA %0 44,
fFIR TR 5 A A . Btk 0 RS B MY TR B A R MEAN 2 24T R, N 2R B,
BRI e, RERTRLET NEErE. R Sk e &8, JFRs EEMNZETA
AL XU TR A I 25 5 T AT IR N IR R [12]« IE4ESR, BN 22 447 Wit Jt Cig 5 K R 4i5h 112
(SD). Z #Efigfk(Multi-Agent). DU 2% (BN) & @A 735, STER TCHHARAT AT S Pl . ek, o
AL B AL RES . N LR BeEORM N, A3 B TR A 2 AT N RER A S R0 S5 7 . 1]
. R ae I R T Lo R R E SR IR TR S Rk 2 AiE,  SOE AT A A AT ER TR AR AE
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Figure 1. Overall analysis of safety behavior related research in China
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FITHSEHERCR, IR AT A BRR R, BUR T — RSIGEE R, WA 1 R

WA, BT, OHEER. DMATRE LR BRI S I B 2R MR S B L 2T Nk
PRIZ[13] BRT AN RN 22 1528 35l LA R A LA S o i 22 AT M i % . B tHh2d 90 AFACAH Y,
WEFEE L 7 TRl S B, i R T AR AT N S S MR R, RO A 2 44T
N RESFEA R R H U R, B KBS AT J9 AT 51 A 7™ F Al TR RS AT 9 AT REAIE BRI
SEMA[14] . X BT 52 08 Jm 4 22 4 PR It PO 1 0 PR A B0 T kAt

HBEN 20 HHAL)E, [ A AT NI ORI A R, FR R R . BRI, BRI
PERS . 525, BPL. B BrSE) [15]-[17], EHERGI SRR H57IRESE), RIERme. dUEH
KPS R HR L (1 22 447 9 7 AR B R [18]-[20] 0 Forbr, AN 0 BARZS B N 52 52 0 22 44T N IR AZ
HEz—. B, TR KARIEREIRE /1 225 SAE dte i M2 B g Hol s 2 R AR AL . Uk
bb, JETT BARER R S A B AR AT RE R AR LA S B RE 77, TR 5 RAE SRR R IR . WAL TR
MMEREATNIRELT T “HHRGE ., MR OB AR S R RGO E” =B, IR,
IR T 2 4 AR RT e #2 2 O BRI R 52 [21] . B2 Tk, EAP (A TLHBhvHRNBE 5| MRS 2 4
B, s B PR IR T ER TR OB, DD AN AT A R A [22] -

FEZ AT AEA AT D, WHFCE SR T3 TAT 0 A SR “2-47 A, 2 AR R B A
G NHGZHAA NZ T, FFE—2 R RS 1847 SRR — DY AN B, AT 48 2 A 7] 28 7Y
HIAN 22 44T 9 S Fs A 1 R [23]-[25] AHSRHE SR AT NVivo S0 7 i, SR 10 HR T “ =i ”
TRGERERE. BEiF. BRI, FHR TR 8T A% 28 PSR S R ZO R
AT, SR Al B BT 30 ARV AN 22 UG AEAT T IR IR SR I [26]-[31]. kA, 24k
71~ MUK LA FU AT B R Z AR BR 2 AT N I LB A 3R [31] [32]. WTAULRM], LAk
T KT e S EUIRTARIE . %57, AT s S AT R mT e T 2H SRR 0 AN 22 2 U AL (2 fal A
YN RENEIG SR IA T 2 R TUERR, —E LT NN AN, RN, BN A 2 47 9 iR B2
A BRL 2 e FAEAE R BIRR S B . RS AT R 2 A2 o 72 22 2 5 B BRI T B b,
AT ST AN, TR e E AT B T, AT N 5 R A BRI, BTSSRI,
ROEE QBT ARG P AU BE 2 T AU T2 e, DU S EOR A

HLVE BB AN 22 A R SRR IR A R BN R AT I EE AR . WL XU BT A T2
Sy B AR, TR B AR T e S BOR TR ST . R0 N, U AR KU [33]-[35]. [AIBL, SEET
b NS PRI TARAESS . A B, IR OB S, PLRRR AR R X 2447 9 AN S
SEAh, — LW SN M RS AR W TR R A i S5 T TR AL T XM 2 AT NI TE, Sl A
P, ZEThE. e LS ER A SN R [36]-[38], HETUME T “ L 87 L&A
AR, WEHSVE R NGAT N RORIPA . BILEIAN 2 AU AN ERE, TR R AR ek %
S AR R[39]-[41]. MR TR, SIS (N2 &S5 AT RSN T2 S 5%,
MOHERER (AR #8) W e R BN L2 T R IN[42] [43].

FELZ AT N R R B E BT, WEFCE M 7R IR DA 2 AT N R B PR AR Y, oty
TEBENRMWZEMEIAT . BERR) T 227 R m44]. TR, MET MG EAR
SRR IREE, & PR ZOW BR T 22 AT N AR SN BRI 2 . DRI, sl DA PR i
B REMT I ANEHE 0T, AR A AT, IR R 5%, DU 2 e BAOR . IEEEK,
LT RV ICIZE L W — R M 1A RGVERT TR R, s A0 B BRI AL GV B 2R 5 1
WEUE B AT N TR, IR & N TR REM KRB, HEShIR™ 2 e B i B e fl . g
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3. BT HERIMRIIR

FEARAT N R IR T B4R S) /118 (Group Dynamics), SRiEREA R GE S i & 7E . A0 EAE F AT,
BT — BT AR BRI, 225 AMFE TN, thaigm . ST 5 B R # 2 # il
THARAT AREATT A, JCHAE SRS IR, RAF I 22 4 ORI 250 85 1 Tl R 8 (R b AR AT
NI %A T AR [A5]-[47]0 BT, 25 Al ph 350 35 e o AR 22 A B, R T A ) Tl s 22 A s AR
EREARBRIIMEE Y, MR G Z 2R A2 AT AN, SEUEEREEZ.

YHT, BEARAT ARSI ARARAT RIEA E A —, FEARERFER . MEAR R E
AR IXB) 7738 (48] HHTHEARAT N2 2 AR R 5o B DURS HERL AL, F 9008 % SR FH 2 AU (Qualitative
Simulation) /57, F:H QSIM (Qualitative Simulation) ¥ i$ [ 57322 H F ) T 2 2 —[49]. QSIM it &7
R R RS, X RGERRES BT, et A ) BT A Zh &S R, Rl
F T80 22 478 PR AU B AR AT N 0 A5 T T SR e it 9

TR X BEAARAT Ay B AU T 8 AP e 2 2 s - AL ). 22058 J7 1HI[50]-[53] . filt,
FRITASEWT T TR A FIFA IR TX 2 2N 25, FBaWIR TR AEERE . Tl A5,
PR KN — 26 03 TVUSRHEAR, 00 & BEIRAE 2 24T A B FRFAE A SZ i (R 3R [54]. BRI, & BLRA
T N G322 A SN RIS, RESS R AT el 2 2 Bl PR KA — 2k D T2 4 AR
WS, ZRAREWERE, SEEIERREP AN L 2T R Bk, A EREAR R BUE S 1) 22 4
BRI B e, RS A O R T A b B A ) 22 425 KT

WA, RGEETTEERRAT R R WO 2 . BHKASENEET R418)) 71 % (System Dy-
namics, SD) B, & TH LAZETAHEEGTIMRGES, FHdd s SBA0 75 1A F T i
(A RLPE[55]. B FLRIL, Wit B Rl B E . BB ST I i & 07 20, mT DR R
WAL 22 A AR, IR STIR TR 2 AT NN . SRTRT, RGN 1125 732 B AR AT DA i 2 W2
THAT AL, (EAE ARR A 2 ) () BARAS BLOG &R, M ZE e s i R 858 T 3 FH 1A 55

EAMRRRETTETT I, B K5 ML BN E S 9 7B A A R E, RS T HHRS) 1A R T
ANGAAT NGB BIE I [56]-[58]. WFITREH, B4 IR0 ELNAE R ATy 45 F 0 M AR 2850 #8222
AT R ERERW . B, EiRE e AERT, MEER S Z BRI, B2 2T 810
TMAE 2 A ARSI R T, A2 24T R0 BRd A AR VF 8. DRk, IR ss e oA o i 10 2 4 e
FNEM S-S, AT BICEEARN A Z AT ARAZR . M RGEBTE, MER AL 6 40 B0 HS
IRA A 2 8] B AR AR B B R AR A ARAT A MR, R I FH T 0 ARS8 5 XU 45 DR 3 AE A
1T REAEFRER . AW, BT REESLERMEAIT AN, THEE RS, B DU R A
Z IR B 24, R AE KRR, s A e — 8 BRI BR 1

B IS 7 VELERERAT AL R (R B RO HTIE 2 o AESR, [E N AEFETE QSIM BARI LA TR
TRERFTC B0, B S NS FRAUREE T QSIM BIEHTREARAT e ML, BUAR T — R AR [59].
HWRSRSENIZH QSIM HIEL G ENHT, MW T TRHA 22 247 R E B T R SRR R T T
RGWtse, #5722 8 BB TN HESE[60] [61]. IXLUAIE TSNS TE 1 HEAARAT AR
W, R AR T 3 TR b 1 2 S B AL RS, Wil R e e Rk BN
BTN, PEERHA L 24T NI KT SR, QSIM J7iEAE d T R R B 2 ] (1) 6 R E, &
SRR Y, FIRe SRS R AT SE . thah, BdRIRE) AR N TR KB S B e R AR T
DR ) AT AL TR R B B, i B 70 B S0 8 g S e g AT AR, (R = S B R R A AL,
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SAEKRE, EANSMERT NI EE D ARG, E VR A AT TT AR . ARSRAIT ST
BB E A NTRERE KBRS RIIREE A S BOR, DUMI S SRS v AR AR AT 0 PR A, B AT il
RT L AEEI R ATEAEHERE . B, 72 RGEs) AR KAt _E ST ANLER 7 5150, LRAEAT
MPZHABOE, PRGN RE Y 722 B R R B AR h &5 SR L2 21Tk, M7 NI
PSR RN REAL, 98 AR BERE U 0 22 5 75 QSIM Jy ik (il 1= 389 on 250 9k 5 14 3 25 BE LA
RIS SR AE S SN S MU ARAT NI Bl % o Ak, 38 AT DO THEHULL AN RE S IR, XA
AT REAT SRR, 45 B RS8R FORS HE O TV (A 2% DB il 418 3k 5 B ST P R 1) 22 4 TSRS
flhn, FERPEERREET, A O@ I N REMIIN RS, W sk RS AN TR RES L, XL
AIAN 22 AT (IR R 2 Al S AR S5 ) HEAT SEP A I, IR 45 & P sl 2 S PN Y . % R ST N
P ZBEAR TR R AR, IR M T llxt 22 2B b O Tl g

BEAh, AR T AT BhiE— PR R 2 AR A A BOR, Blngs Sl O 1 IR EE . B TAT N
HE P se s UL AR s M, M@ ahas Z e AR . JREeiyfolk, amliZRfedi e,
S U T L340 ] 8 0 B T (3 RS i AT B3 VAl R4 SR L 2 LA R T e 7 - F U3,
K 22 PR IR AL & B0 BE T RSTAE NS R & e B PO IRSHERE , D e B H X

RIS, A RIS AR AT AR, ARORITE TR 25 R AEAR AU FERI At B, 25 6 SCBn B Al /)
RS, B MR S B, fERGBE T, AT USSR BT Al 22 45
HIVIK, BRI SA, Rl R Sehr; £ 2 B ae R e, W] DUl AR AT
TR AR RN, DU SRIEAY ) &N . 7E QSIM JPiEIRN I, T A& KBRSk
I R BRI g AN AR B, A EL RE NS T HE Bt s I 224 T ) 22 PR B AN AT DA 2

ST S SR IEARAT BT 70 20 WA GE 105 P 20 M 1 B OXEh (1 & RE AL T T R e . ARK
WA N LRRE RIS ST AR B 70 BRI — 20 s, BT Aol T LA P SRS 1 A i 2 R R AT
NP, 2 A B, 3R TR AR PR A SEI 1, A SEEURET 2 e A R RE AL . RS
WEH.

4. RETATMEHARIRK

BEAAT T RS RO O E AR SR BT R R T AT A R AR AN 224 4T 9, 1AM S BT A R H T
BAET, DMERICE BTG, MmRIRS SO AR, SEOUR 2 2 B E 3 . TR
G ICIRG 1 B RN SV B e T AN R AT RN B RO I 5 Sk s i a Sk . B AT, B A 44T
N T R 5T 2 B S R PPl R I, RN LA R Al A oA XU A BEAR R 1 — 84 - B, Ghasemi
SRR T PP T IR AN M RS 23 BT (0 UBSE VP A 73, 12 iR A AT R R PUTIR B H
JRMIE SR 2R, PHETETEM 2R, R4 G IR TAT BRI 2 A BN, MM PRI TR %
A=A Ki[62]. BE4h, Bhattacharjee £ You ZE6F 78 N A 45 & LR AL AR M 4 (WSNS)Hi AR, JFRE T —ER e
B T R G, Z ARG FEIA SRR TAE AT AT 52 W, B shil) o] BEAFETE AN L 2 R %,
FE I HE S ML S FE T I, $R e T 2 A B R e ALK S [63] . TE 2 AT N TN R U T
DL 7 00 288 (BN) S A FLAE AN e VEARE R R (AR 38, V2 R T2 AT S T A S i T Ak . 2B
DRI 7 s Bt o IR T 2 AT PR HAT SIS VEAS, IR AN 22T R AERIRA, & i i
AL IR TR () R SRAK A [64] -

[ TR 22 AT A TUE T AT SRS T B8, FEERE XSS E . B 255 VA
AR e T R 4055 2 MU [65] [66]. AR, WA N ARG AN KRB /30 N TR e EIESH A, DL
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SETHHERT WA AT D RS 00N FEOAS B A 22 i PR . i, B 2R 5 VPR A T R AN 2 22T
AR EAPFAEH, JE 2 IR R R PP IR TROERAEAT N, PONBER A Z 21708, 1REAT IRAI AR
L. SRR, BRETUE RS TB IR, F B kDRt 2 Ml R IR T R, AL
WP A AR . P S S, DURCE N SE B % AT RS PPAS HESE . AR 20 JEn™ 4
Ak, AR AR, CAAEAE LR SR REME I RS, I RGN T AL R AR AR L2 2] 5
%, SIIR A Z AT N A B, ZabEIE TR X2 TR Rk, RIS
IRER, PR RAT R AT IR, RS MERR AN R R (s 4 . IR A B & S AT 0N, IS
I 1) 2 TN GUAOR AR, DME S T3, Bk sl XA BRI HOR N, A 22 4
EHN CHERIET T OCHATHE T RAR, 1R T HMBIE R E S AR .

JUE AT L AT TS RGN e B R T B, (VR 2 IR R R . —
T, TUE ARG OR HE AR T B B, 0K 2 OB il i R S ST 5 3 (K A AT 9 B R AR AN 23
ik s, SEPUERAAES AT RGNS, B0, W& RS SE ARt — 25T, A
HI 2 A e I AR S T S B RO T30, Rfgse skl B shfe. B Rerzh M. ok,
BUA IS 2R G 2 IR AR R & 5 A AN A2, BN R S8Hs  A7 D At A A T M 0 A0 - T ) Bk
M TE Ty, PRI I i KU ATl AR HE R 3 A F00

RARWFFEAT AL S N TRRE IRE M B EEERL S BOR, XM AT AP R AT, 55
T R GAE R AR B T BOIE R AV BEAL T TRAE /T ™k i LRI AT SR A 5 S 0k, (T R 4t
REfS 2L J7 AT B AW AL T S, S AN L AT N PUN I HER A bAh, B RS AL
i BT AR BRSO R ARAT B, I RGN R RIS RS, SEOURHR A L2 AT N
ISy B, REAETRE A ST 0. FELe ety ok O S U B TR 2 ST AT AR R G, 1%
RGNS KN T A TR SHROIRAS, WR ST RIVIRES . R EAESEREREBINSE, Fa G KPP
B, NIRRT I i B XA R T R GG, (AR 2 48 2 SRS vEE A vy
R TTE— 2D BRI N AR SR A B MR, HESDIED Tl R R BE AL . Kl X ah 7R 1) 22 4 AR 3%
A2

5. ABWARNTE

SE BT AL A CRRAR 2 AT NI o i« BEUAN P 5 T AS 1 B e, (Bfr B2 A
APk . E5E, BERAT MM R M M A A, HATR S B0 U E TR B 2 e A
PAUVE BRI, XA AR ELE A MARRION L 4005 XA B ek 2 I 24 95 4 S8 TR 3R A 2 1 22
AT I IR b, DA T s B AT D6 A R SRAAT N BERIR 2 e . Lk, 3L
HEARAT R E R HEPEATE FIVES AR R BRYE, JC R AR R 2R T, BUA A DLahas
3NN AR A ) TAR 25 P RUREARAAE, S BOSREARAT N AT S TN A8 775585, MECLURS HERfie A
[A) A2 Bk SR AV AE AT 9 22 -

BRAh, AT N TE R G S PEARGHE LD et — 2D 3T . S ATA IS R 48 A sL 8t
1700, B HIVEAL A G VR T, e DN R AR LR BE ) e BE AN @ PN 2R . i T
WG RA A E . AT, SR IRAERE A, B BRI 5 A7 R EOR A R AT s Pk . 120,
BUA TN SR I PRI B 25 5 2 SIS T30, S BURTAT IRBI R oA A v, i o
LAETUERA M. RN, SRR A B ViR inas, DU TS R SR AR B2 AT 0 KUK ) 25
VR AT, 2 A SEHLEE T b SR 3l ) 5 3h T AR 4 16 2L

BEAh, MR EAT N SREARAT N Z R U R E AL AR L 5E 3 . H TR 2 B U OEAMAAT
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NI Sy Bt BURE AR 2 T AT 934, SRR SRR Z IR AR B R SR 7T, S BOE AT
BHAE L e B M 2 B AA . B, AR AT N RAER, S SRR R A 2 4
A, BRI 22 4SO T RENE A OB A KU, X8 ] BRI S Z IR AR o ARSRIF AL itk — D B
NTERE AT AR SRS #5005, IRTVHIRAT N @R IR BELRE L, DAL 22 AT 0 M Tt AN T
WML, BEAh, BARRIET ZIRBERR G I RETE RS0, [ H AW /2 AR IED PR T SEEL A v 1) %2
AT M, SR TUE R GRS E . TGN T AE 77, AT SRR R 2 e B A R SR AT SRR
IVASERVINI

6. BEHEERE

B IR TR 22 AT N BT T TR s ™ 2 A BRI SO R B B S IR,
K] P A7 Bl 8 2 AT N BRI R 2 L AT AUl VA [ 2 AT N TR L 5 5 TR 1) 2 Wk 7T,
G T2, PIRRY], MMAOERE . BRI, eSO K SVE B BOR S ) 2T
SRR T2 AT, TREAAT AN 2 S PSR AW A R OB 2 4 BRAR (3t 18T AT ST AL
FMEAR S SRT . BUA B VAR ARAT R RIHLI AN I U B0E RS 2 L T R G seit
PERURGHESEAT PR« B BE M A2 AR MV AR R M SR S5 1P L, ) 24 17 22 4y B It PO A7 250

KRR DR e N TR BE . WY BRI 1A AR 2R BoR, DURTH AT 9 70 A (0
FEUERL AN GE 7o —J7 1, T DA 2 8 Be AR S AR 5 2 STHOR AR AR AT Bt s 3, S A
SRARVIASE N (R, AR R L (AT A T SEANAS v . 53— O, NIRRT TR R
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