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Study on Visualization and Feature Enhancement of Rockburst Risk in Roadway of Phosphate Mine
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Abstract : The visualization of rockburst risk is of great significance to the exploitation of deep phosphate rock resources. Firstly,
through the uniaxial loading test of aluminum metal, it is proved that the temperature change caused by thermo-mechanical
coupling can be detected by MicrollIS series 640 infrared thermal imager, and the increase of stress is the core reason for the
increase of thermo-mechanical coupling temperature. Then, aiming at the problem that the infrared image in the actual
phosphorus mine roadway is blurred and the irrelevant high temperature body intervenes to affect the effective infrared radiation
characteristics information in the infrared image, the original gray image is enhanced by the adaptive gray scale stretching
algorithm, so that the information entropy, histogram equalization and global contrast are optimized. The nonlinear mapping
pseudo-color transformation based on temperature width adjustment is applied to enhance the visual effect of rockburst risk
visual detection in actual phosphate rock roadway. Finally, through the field test of phosphate rock roadway, it is proved that
the DMYB-03 handheld rockburst detector after infrared image enhancement can not only show the details of phosphate rock
roadway and the infrared radiation characteristics caused by stress concentration more clearly, but also divide the stress
concentration degree into stable, medium stress concentration and high stress concentration through the color brightness index
of risk area and safety area. The information entropy of high stress concentration is 26.55% higher than that of stable image,
the average brightness is 25.08% higher, the brightness histogram equalization is 8.36 % higher, and the global contrast is
243.38% higher, semi-quantitatively reflects the degree of stress concentration of rock mass. The research results provide

technical support for the visual detection of rockburst risk in mining, transportation and other fields.

* W% A #A:2024-04-05
ES£WAB EHRARBFILETH (52174085) 5 Wi A % 4 4E 7 L W% & BB (S]ZX20220910) 5 B 5 8 98 U5 I & A A TR 4 AR B
F¢H 0 I 4 30 H (NECP2022-08)
EZ B 2R (1999—) B IR P rg A WL AR A= 32 B A BRI O T A9 P58 T4 . E-mail:1311099031@qq.com
BSEE 5 KEC976—) , B, 1At S -, IE W 9 T RR I, 35 B 8 R O 1 58 T4 . E-mail: luyx@ wit.edu.cn



124 gL B R S5 A

2025,45(2)

Key words: Rockburst detection, Risk visualization, Thermal-mechanical coupling, Infrared radiation characteristic, Infrared

image enhancement

0 3

R KU W = O 1 TR 4, B R b
T VRS G IR SR AR A ) Bk T 6 AR 38 g X
Z R A NGRS UE B T A A AR A2 ) A e R
rh e 2 PR RO 1 R . B B E RIA A
TE 2 BT R AT B B v, 5 A i 20 81 i S I
I D & e SRR (U - o NI (115 o=/ £ R 2 o
PR A T8 28 21 A IR AN I 55 FLAE B 17 3] fin
BB & PR R P A A LA R R A 4
AP B PERRAE . gRoH T AES T R AR SR A R 4040
FRAGASC M DN 45 T ] 25 7 5 4R ok R o 1) 20 4 o S IR
A K AR A PR R A B [ [ T B 4T A R
SRR S PERTIE . AHR A 0 AS B 1 e M 5 3007 o
(] 10 R I B3 118 2 A/ Sl 32 728 A 35 /0N 1o g 78 A 5 B
(R 2T 4N S R I 78 A 7 R 22 2T SNBSS AT AS W 3

G JF 10 SIE J 1 A T R AL X B i AR A W 5T
PRALEE Z T, AUTILA 265 38 o 20 4 /48X &
PR 5 AN 4 R o e 1y 4 sk L R AR Ak i L 38 °C
SACHDEV %513l 3 21 S #A8ACHIE 58 T XA 4K 76
AN [R) 7 AR AT 1 AR I A S I M A T B B 21 Ah
T W ., JUNGHWAN 2500 R F 5 5k 4%
SEBLRIZL A AR A & 17 35 4= 00 LA ol s o ) IR
T OFEEST T O PGEA R, R K 4 R A Y
P By BEVE SRy Bl e 1 9 M e 28 B B AR B 3 i r
1, AT kg N7 7 A8 AR 5 i) 2T A1 8 SR AE B BIF 5T B 4 —
ST R B

22 E LI = TR I T Rk REAE N ) AR
AR DA PG TP SN N [T A R T O S STEN A K S
TR IR 5% 0 R ), T BOA R R 21 40 S R AR B B 5
Gy B PRI AT 3 3 A 0 A0 RSO R
fiff e b 3R ) B Y . A SO LD AN R T TA
S BR AT R I L 2B R AU AT A T, ] D
N7 7 A A v R B RIS AT S T L | A A U Y
03 KU, P A D 42 R R SR

1 BARMAABLRR

1.1 KR E

T3 T B o TR A A I A K 32 1 0 T B AR R
KR EARAETT B LR 3 8 40 2 PR ON 5 |
R U 2 78 A 7 A T R R Y TR B A A | P SRR 4

il

SR R AR 50 S BUA A R AR LA
SRR 1 A S50 T R R
a
e C,
f AT, S IR KON 51 R A TR AR AR, Csa R
PIZ K RELC s WEE  kg/m® ;5 C, o0 % R H R
2.0/ (kg « C) s T A4S R, °C s Ao A ER F1 Y

ALAE . Pa,

20 (D AT AT, B 7 A G T 3 300 o T AR
R85 0 1 284k Ao (HRUE LE .

T 40 41 5 R AE AT LSS I R A5 e A i R AR
AR TR IR 2T A R AG ARG 0 342 R T 21 Sk
R S RRAE L BT DL Wi PR R S SO IR AR Ak
2T AN G B 5k Ik 1 R 2 R G AR
HoF - WH LS E R RRN

J =eec-T (2)
Aof ] REANER A LT/ (s o m®) e WER ST R G
H,0Ce<1lsc MY - B H 22 W80 L 5.670 32X
107 J/(m* « K*),
1.2 RWig&E

g hn R 56 R RMT-301 J1 2486 R 40 .
HA R S5 R 10~1 500 kN, iR 2%/ T 0.5%,
SRPERRIR 10 N, A2 JE A ] I8 Y5 [ 2 0.000 1~ 1
mm/s; ZLAMN K 5 R MicrolllS £ %1 640 Bl £1 Ap#k
A W T Ry — 20~ +550 C, 43 BER 640
px X512 px, M A OKF X T H) Jy 48° X 38°, Z55%
M 22 (NETD) /T 0,04 °C L, B4 X 38k £ A A
BNRCHE I RE L 7T A 42 321 A S o 280 AR b g £ 4b
FRATRRAE . HEAh R 50 1 A T 1 E S 4R L
B IR TR R B 5 ) 4 AN 2 50 4800 X L
1 HE LT A S Tl B s
1.3 REAR

Sk B E RN S A7 S B0 2T A G I R AR Ak T
PL#E MicrollIS £ 41 640 %121 Zh AR A I 2], 4R
T8 PRI 2% 4 T A T LA R AR W R R T B
TR AR L F BRI 50 mm | FE 50 mm .5
100 mm HEAT AR A T8 FE i 6061 451024 1E
WA, it 2 4 S PFR A IR .

(1) BR78 32T Bk B B 1] Bl B8 L 43 SRR 12
mm.14 mm.16 mm.18 mm.20 mm , {535 B {E 5% JE
#7510 mm,

AT, =— T« As (1



AR, E A A B R et A R A AR R AT R [J]. A AR5 TR .2025,45(2). 125

(2) AR ZZ U BB B, 4 % 6 mm, 10
mm.14 mm .18 mm, {7 £ 6 FE R ) 4 K R 1 ol
16 mm,

T AR AT LS N 2.0 mm, KK N
800 kN, M#L#H %K 0.002 mm/s,

1.4 KWERS5HH

7 St a5 b, R R R ) Al R N Tk
B FNAS TR R B2 N T BB 1 6061 FR F IK g 3 40 A
AN WA AN &5 w1 FIE 2 iR,

14 mm 16 mm 18 mm 20 mm

B1 AEEEKBERKENTHRERIKGEERNER
Fig.1 Macroscopic deformation of aluminum specimens having

artifiecial defects with different lengths of lateral major axis

6 mm 10 mm 14 mm 18 mm

B2 F@E

EATHRBARGEENETR

Fig.2 Macroscopic deformation of aluminum specimens

having artifical defects with different depths

By &1 AT 2 AT, 6061 484t 1 i B Ak kA
IR TE AR N TR A 2 s Ak e Sk BH L 9
HE A T 8RB 0 AN (7] 76 2Rl 282t B b il B A
(R0 1 KN 32 F1 40 e e T A B BOR RN T3k
Ml A8 T8 F2 B A7 78 22 5. 76 SRSl 2k T R, il
MicrollIS R %1 640 21 ZF AL AU HE 20 1 A [T
SRR AR R 9 M AR TE W BE A B 2T S PR Gn & 3 R
4 Fim (E R B EAR R LR FRD .

g ) |
I . | - L . "{-
) S
(a)12mm (b) M4mm (c¢)16mm (d)18mm (e)20mm
B3 ARE#EEKEIKE A TGRSR ALK

Fig.3 Infrared thermogram of artificial defect
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Fig.5 Infrared radiation temperature variation curves of

defects with different lengths of lateral major axis
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Fig.8 Comparison of infrared images before and after

the intervention of irrelevant high-temperature body
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Fig.9 Comparison of gray histograms before

and after adaptive gray stretching
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Table 1 Comparison of objective indicators before

and after adaptive gray stretching
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Fig.11 Comparison of infrared images before and after

enhancement in the tunnel of phosphate mine
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Fig.12 Comparison of color histograms before and after

infrared image enhancement for the tunnel of phosphate mine
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i) FRM REWE ATERBEE 2RXILE
LIPS 5.80 72.01 5.50 13.99
%2R 6.60 79.43 5.89 24.92
ERIPN 7.34 90.07 5.96 46.78
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Fig.14 Histograms of image brightness for 3 days
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