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Fig.1 Areas difficult to measure
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Fig.2 Schematic diagram of on-site operation of binocular system
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Fig.3 Schematic diagram of multi-vision system Fig.4 On-site image acquisition

based on mobile devices
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Fig.6  Mobile laser scanner equipment and collection results
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Table 1  Comparison of non-contact measurement methods

A o ) 72 (N B
S RAEH X BTG R A AT BR, — 4k 5 BAT IR
B OWH=EEE RENCRERE AT RO BB 56 L e B N U (B S
ZH=MEE RESCRS EMERE XTI A SR AR T 2 i
. pPOLEN M 7 LR FERHS B (i% £ 5t N XA R AFTE X

2R R, S, F X JAEE R R A AL PR




1344 7 AER 5 TRERR A4 Vol.31

A2 R BN B A A = AE O IE A B B0, R S 00 5 3R B B
OECRAE R RESI5m  (EURRG RE O SR = BB I RS B oy, (B DA B, By A7
X, TR T T 254G DA bW 7 1 3R U 2 1 05 6155 LU R4 7 248 g T 1) AU 45
Salvini & RALGE Y M 35 F Bk AR I A 45 R 5 RN EOG A s B T AR A 1Y
BARARZE S S TR ECT A A5 0 1 IR LA RS M RRAE , B0 55 PR Ta] B
I B LA B AR AR AR Pan 55 VAR T —Fib 22 U5 2 2 i) B A7 A0l 45 53 1T 1) B 1
AR 1 A% T R S A B S BT R R R A5, U B AR R L Y 3D
A5 5 RN KA L 4 3t Ot T A28 7 ) 42 A5l T R R oh T2 A
JERFHOC Y BT 558 B AN [R] i RO 1 25 20 B 4 O 7 30 o 231 TRt 4t 1 7 R 5 A
HOL R a Rl G BREE U5 T = 4 F o (9 MR R = 5 06 8 = G 1ICP J7
TR TRCHER A SR IBORS 40 58 B (1 IR o~ BB A T TR 0. Tsmail 457 T 43 BT
IR RRENE , 20 S M = HEBO S T ANLRBGEOL S = MRS = A TR
F IR ARICT R BN T8 5 2, SR o Bt A e M B A T S8 B e SR R AR 55 B %)
MR Z B A, R AL TP SO0 6T — A g | [A) Il = RO L S R IBO 1z
DR 5 2 Bl R P B0 BEA TR, BB B R RCR.

2 EFREHERA T ERRERE

[l B2 A1 122 2 (ISRM) B AU =tk (A8 B S S M 5 10 48400 Hiliik
SER T AR A R SS M ST U, 45 K T ) JLART AR Al A e — A G R ), i U
TR I 250 PPN TR R E PR B T RR it T 7 R BRI R T i DA% 58 0y ik
T 15 £ [P 30, 7 {2 ] v AR B A B 6 Atk b, AR 224 20 0o XoF 2 00 1) i Ak B, %of
SER TR 3 TR0 | TRIFE AR Rk (AESLPE ) AR ISy T R T IR AW,
2.1 SEHEFRF0 ST HIR A

A=Y a5 B30 S il ] PR A0 27 X s A T P IR R HEA T T IR A 5. 38R T B 1Y
D5 RS T N T H 5 A 25 A0 T 1 2 B /D 3 A AR 1 8 A T i f A, M
TR Ik 1) i 4 BRI R T PR 45 H T 2222 & FH Sirovision ,ShapeMetriX3D
SR H RGBT 3R 7 TR ST T A R A T PR R 2028 (R R
P AR S A T 5 KR N T 38 5 T AR BORME A T R 548, A sh A b 17 (AR 25 44 Tl
FERBEON, FF AT T A S AE AL RN S SR AR 5. B TR =4 m i
GEFTH R 3 2R B ST R PR TR IR SR 28 7 vk A 2B R M DN i DX AR Rk
DA A 25 90 24 25 7 1.
211 EFERNAE  REEIEEIEEA SO SRR AR A UK B o ) R
[ (B8 3 TR AE S R TR -2 30 A 1) e ATk e it P DL S 4 A AR T S
P05 S T 1 3 1o R A s, AT LA 3 & B AR 5925 ( KNI SRS 52 50 H 0 i 4%
ORI A9 3 ] 1R 3R 3 i e/ e I AU 1 il oK AR AR VR Z hifE 7 O Rl
JINBSFTRT )T SR F 32 BSR4 R 9 (PCA) O AT AR B 3] 4816 S 1l i S A e
NI, LA RO B A 25 S P REAEAE (1 M 7 S B AN 8 T T A A5 i 1 T
Yazdanpanah 457 $& H— Rk FEPE DetMM 595, S0 15k b I 5 T 30 1 A0 M s ok 5 -2k



No.6 KRG AR TS SRR LU 7 it 5 ok Jig 1345

AT IAUS AR H JE o o Rk 1) o SRR, (EUE 3RS T 10 4% i 1)
PSR AT e e R (1) ~ R (3) SEBH. Singh %1% 25 JR F) 1 0 ) 1 1))
BRAE, SeJa 4Rt T AL RS IR AT AR T 1R sZ AR B AH AL R AR R IR S = B
T RRHERE B

0=tan_l(m)+D (1)

n
6 = tan (m] (2)

A2 0 A ia) (B <7 254 TR {151 1) 8 A0 R 42 10 T B 5 0By m R AR ) 56 M Sr 4
M 51 om o DI 5 D s THER0 0 £ B2 R A, 8 LR
0° 1=20Hm=0
180° 1=0Hm <0 (3)
360°  HAth

S AL REARL AR A DRI (30 Ay T ) e PR ), M AN [ A SRR Bk T S R S =
A B2 R TR SRR BEE AT LU N B TR R G TR ERE A THEMN
B ST RIS RAEE DL K EFET AR 00 3 T30 43 (4 2R 2y s mT L o i
MK B AR S o3k 2 AR R R o R B SR E T A R FIE R A R oy
LA A1 Slob % HREH T @ I AR K BI(E R SEEEE M IET (1 BRI T RO e
T SR BE TSR M R R T 3 SRS ), R C A A AR S A T N = A2
13032 B AR T RS b (AT WU A S E A R T
FOREZRB ST XBUTO SR A T B A 4B H 5 L e A, A0 0t TR 2K s 1 1 R R T
FIRZEHROR Riquelme 5548 7 6 A% 26 BEAG 1T vk, T LAAR $fs 2% 8 0P (i e 2R
K580, IF HIF R T Discontinuity Set Extractor ( DSE) # {4, 43 7% A2 6y JH 770
Wu 55O i FIPGH k-means++500% , 51T 3k ) i 30 ) 3 1) 0 2 P A S WL RIS FE
TR R 8 = RO T W 4 . B B B 1 R i AR 45 I T BE LA = 23 52
M ) R L B R A () L, Kong 451 38 3k 25 4 PROE 2% | & L% 2 W {H ( CFSFDP) $7%
Hl Fisher” s K F8EO AR S5 A4 1h0 e PS5 i AT E— 2D O S0 B , LASR s SRS b0 O MERR L. B T
JEAU R 2T 8 5 = 0 B AR £ BT R, T AT BE . Dewez S5 1E I R AR 44
CloudCompare T T Facets 34 5 5 = B T HoC ks ,*E?E—leﬁ@@jﬂ“iﬁ{a RAW,
ZNTE. Yan 2515 $2 H 0k AR B 0 55 (MAGNES) B0k I HL45 & 7 AN IR A3 e b (3
— SEREFIT-H4) R G I A S 0 SR 8 T 0 SRS ISR AE 43 4 4 %) 235 ) THT At
ol AR U ST 25RO DA A TP A R IR B A AE Y 45 DBSCAN
AL SRR RE MRS RN Z AN R RESHGHT H ORI 545 R A7
B Rl A LIRSS % 85 DBSCAN Sk m % s —, TR0 IRE A
77 WAL AR (HST SR 2 A48 K D IR B DR m A B R RN
PR AR YE. Liu 555 68 FHSET RS 10 56 M AL 3 (AP) Bk iz B B iy i
TR AN R (1 42 )R8 R AR ), I HXRI IR B2 b DA HUR (B IR 8 5 52 RIS j s Y52
M) , i i B2 5 AR k.

D =




1346 N RS TRl 4R Vol.31

212 ETREERWAE AR TEARIETEE TS > 400, XEE K
VAT IR 5, AR AR DS 8 A5 A 1B, 44 A A 408 A 0 A A A DU B B £
IR AR AR T 5 =P AR AT LU T TIN = fJE Rk ™ T DU T
KNN SRR IR A A0 155 5l aod 36 i) dt (1) 22 S PR A 7 2B 4 DA 1 2 AR O 7 45
FA)THT. 75 B0 RS2, 0 e o 98 2 BB 53 o 38 B 00 LA R AR K AR Drews 267
2 W 2 i A T f AT HEY  DEAE T WAl T R AR | [ IR 45 16 a5 B T ) B
P G2 A5 RTDL - T 8 b e 22 S5 A AP T U, i sy 1 DXl A ) o 4 1 A 2. L B
DI A K1 I — SR IR U 7 TR R R 5 2 P AR I e 4, O 7 4 A 1 4 e K
M T A K TS 6], Ge 451544 JEUIR 5 2 7 A oy FAT 14950 [R] 8 11 100 A %
Ha, e B S AT LU AT A 25 AT U ) MR i m R AT 4 IR Rk AG
Tk m G AR R T8 s BB R AL B 8] [ d g S AR A
il A R U Hu 5550 8 DA KA S TR AR 3R 05T, 1 B FE IR R T 9 )
PSR R TR T, TS i TR ST AT A K TR AR KA B IS R b A T AR R A
SRR R 2, S5 A R = W BEIX A Kk (P 7500 ) @ e 1 SR A B il v 2
TP B8 S P , (L SR0A 2 M i e AN W I A B . DX A Rk A A5 A8 T TR B RCR
BRBAE TS (B2 H A IZ MO8 T S E RS 0 e, T A [RTHDRE B2 ) 5 R 5 2 T R
P2 AT PR B SRR 5 b 1 i b 75 i TR TT Ikt AT o A A B

() i ERER () F=B KA
B 7 S5O R = Hr B A Kk

Fig.7 The triple-region growing method combined with voxel
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Fig.8 Training set and output results of the artificial neural network method
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Fig.9 Workflow of the FraSegNet trace extraction method

UEARSK  BEE = HEBOR I AR V2 2B TR TS A = 2 i 2 B U SR HGE
2R = BOR AT DI 23 [ A 85 SR AT SR IBGR S, HBESRAT I LR 1) =4 1)
{5 A — e 3 i N A2 L R G £ 12 XA R HLIRA 928 A Bk
AT 2R R 1 Y S5 R T 5 2 (1) J B2 T 5 8 R SR % 320 1 o i e, 5
T L S EE R T (8 —— X 0, R 5 SEBR AT RE AR 22 8. F RIS A A B4 A Rl 27
12 ORI LR AR AR A5 A8 T Y 52 2, e iEA T 45 10 ThD AP, SR SBORA &0 45 14 T 1 2 3
SRR T2k ; AR AR T = A 14 Tt f) = o 24 B ) 22 R G D0 2 Bl 2% ) 4. Li
SRR RSO S A A KX S S P AT TR (] 10) S TR
FEEUT [ Bk, ELAS B R BE . Zhang 250 X ok BRI A 7 VA8 T it (1 10)
BORAGEN R E AR T B LARUR S N-F-30F , BEASAR A Myl Hh 1 5300 4 AR T B Y
THEERIBIEOR SR T = 4E N = 00750 AT LRBOL S I 2 = 4R (5 B A% 18 5 =
i 3 R PR AL BRAS IR AL R T 4R EIR S 4R S B BT RS S T, W]

2.3 EBEHEHE
HE ISRM 2 A RIS | 1] B2 A AF AT A T AN AN 14 2 1 22 1A B 3 BLEE B, H R A ik
FFAT LAy P A S — b e B BRI ST g5 M T AN 2 I HLARAS HOF 1 R R



No.6 KRG AR TS SRR LU 7 it 5 ok Jig 1349

35 N ~=
307~ Rt
257 o ———1T6 8
MmN =g 2 02 4
12 Y/m
(a) LiZEfy7ikte (b) ZhangZEf) 77 Ll

B 10 =42 Bgs Bt Lk

Fig.10  Comparison of 3D trace extraction results

AT LAAE = 42 [A] RO UL 5 - T AT 20, DTS S D B 5 ) o Af . TR] — 2L P
AEEAL TR 0 A LAY, T DU IR 2 AP 203K ) i T B S5 T, 78 P A IR ol ad
SR I8 T B 5 DA T A BB BT 50177 b A3 mT L D L 8 A A, [0 A A LA 245 4 T
SRR, 7655 AL AR AR ZE 1 7] — 20 i 25 K TG 22 1] 3307 2 e e/ INRLEE ™) 35— Fhoy
TR IR LR 1) — 4R MR B i R R 70 b 4, K25 4L Py O I 4R 3
A7 18] BRSPS (L0 A D 2% 2 I 2 1) 1249 05 ) B T T B Al 4P 24 07 1 O 2%, 3
RGeS 2 I LR 53 T A ) 2R BEK B AR B ] E 17

3 AEEAEIRA M

3.1 EEBREIRS]

G S 0 285 T A B DD B0 T AR SRk A R AR S8 B SRR e 3 4 DL
P TS B, e P R A S B R F B AR RSk, 5 I R AR R i 1 | b R G 42
FesE PR bt 2 A H A S H H A8 BO0h 11k AL A S AR A T AR DL 4 ik
Bl b A B A R (5 EAE 0. BRI A 2 R T R A B LR T T B 4 A B
BRI 125 , A 2 ()P TR AR A2 BRIE T4k 32 2, TR B e ek | 28t ao i e 1 31 |
SEHUA T FLT A B AR B3 05 2 v i) AR BB I ROR  Kong 558 R R T
A AT, ] PCMDDN Jy 125 AR 415 445 14 ThD 19 AH 52 5C R 4T 4 RS 2 g PR 1) o 4
(K 1t ) IR T A A R A R B A L AEURL G P R PR B Persson A%
A B e T 4B R I 7 A% A0 A5 G A ok AT, SR T AR 5 AL B X
I BT AR 3 R BEDUAL , R A S AR AR E P AT S B T SR T B 1 i
3.2 MRBEMST

A 3 P P T AR S A T 45 R A ZH . 7 T B S AL TR A ARG B T e A
25 I S PR DA TR 3505 A 3203 B R ) 52 2y e Wb 8 1 I , Gn e 0 P 3047 SR 4 AR R 235 4 T £
SV AR U T R s el A5 T R . Wang 251 R FH G AAMLEEAT 15 B 120 39k 1) 4%



1350 N IHEAl S TRERL 22 40 Vol.31

Bl 11 fliF PCMDDN J5 ik B HR 4
Fig.11  Rock blocks extracted using the PCM-DDN method

S S T HOR G = HE BB 7 B SRR 4l T 4R IR S =4k a5 XA RS
R AT TN WA B as sh e e T E T A5 MR R B T I R 4 (SMR )
EASHCA R 23 T3 (RCR) SR 5 A1 1 05 AR 1. Xu 457 3 3o 45 44 T R0 B 7 4
B Ry R L L S RIS AR s PR e AT T e MRS A 2o A, i 3 o T 5

SIZIE)

1007

1 000m S 0 1 000m

Je i 1] ﬁii‘i%l ﬁm ]

1 000m

K12 AR BERA Y ROKA i3 7 7 M
Fig.12 Results of ROKA kinematic analysis of possible failure modes



No.6 KRG AR TS SRR LU 7 it 5 ok Jig 1351

12 ROKA X KRR IX AT 138 32500 (1B 12) |, 7 LR KAL) 0 35 XU DAL 4 Ay
W S%.
3.3 BEESEkSRRHITZIPEIT

T EERIVE R A R BETE E T 518 8 A R L, 5 BRZ 4 Rt 1R F BT REAY T
TR F AHJRAE R B 8 S B rb S 3P -t T8 2 B LA S — Ak sh 2S5 i T,
] s BRA Sz 3P AR X L 4 i 9 2 5 b R 45 P B I i 22 4 R B N TR Al
Tk R TG R 2 Th 915 SR EE T 1 R] y SE s 8 [ A 5 2% H sh 00 K sh s
ST EE KA T UFRR & M D 6 3 T 45 i SR O 2, S8l T 46
PR SR RS AR s LRI, TR RS s i & 404 AR B 1 4 1w R
K2 B SAGHEAR AT = 2 R T LR B 101 05 5 7 2 338 1 P k-means ++ 5.
100 R rh e S PR A4 T A DR [ SR S A A R T DA B R L TRk A
P U8, AT LK (4) . = 4EB L iR B SE i 5 2515 LASEER . D 1E N5k 5 4 5L
VORI LR R EAE 25, 3 @B ZRFFAE it B AR T3 s I LR AIE A5 1A% 42 ; i 4R B i 2 M4k
LR BT (8] 13) B R A 4 111 3h g [l g i A T T8, 45 30 A ok i s Ak, 08 i
SCER ] ShPC AL S P R 4R, O HR S B B RS sh 2, AL T AN 5 2% (16 14).

. b(i) —a(i)

S = T a (D) b(D) | 4
oSG MR AN TR R PR R a (0) MR @ AT ) R RNZ S A T )
SRR B 0 (0) SRR A i S A T A 434 P 3 i) e S 4 B R Y B ML B
JERAE R =1 ~ 1, BRI 7R R ot 4t

8 8 o S
6 6 N \
TN
4+ 4 ARNGR
N A\
£ g.] TONK AN ¢
£ £y S g N
N, SO L AR
2 N P ARG
4 4 \_x
-6 6 \
-3 -3 \\\j} fox
» 35 0 NS
= 30 T >
~. " 8 257 - ——"46-8
20 S 0 246 46
20 157710 3 6 4 2 20

20 e
X/m 15(12 1086 4

Y/m Y/m
(b) IBLRAFAE sl i (¢) TRLRHFIE miEHz
85 85
6- | \ 64
4 | 4]
2 | Ry N\ 24 PR NN
g . 2 £ : % Y
£ ol \ \/ N o 5 )
2] 2l SN TN 24 S s m I e Y
\ (PN . NN YA
44 -+ \ TR | \ “SONL, N\
—6- 64 N\ W | A 6 N ., : AR
sl ;?L N 2 oS :,g‘\ NN TR ey
3 30 S5 S » 36‘*;;\ == P
m 207 ca2 024 Xim 20 G024t TR

20— W0~
m s s 6 4 508 6% g

(d) Tk Btk () MERBUER () LR G5 R

K13 =Rl 2 U i
Fig.13  The workflow of 3D trace recognition



1352 N IHEAl S TRERL 22 40 Vol.31

LH=MeE

< BESERENERR - O

MENRTPON

40641 = S R R bR
ol . 28804 W 53X EE IR
C A ] =
Re 47.70 18 : Uil bl
Ke 0.69 R :
Kl 0.20
0.48
sz @ 27T e

Pl 14 B AT B B SR A
Fig.14 The entire process of automatic classification of surrounding rock

quality and dynamic support design

4 HiLERE

UEAER A R EE A T BRI AR S IR Gl & R, i T R ek, WA T
K ATy HAEBE T A5 B F0 0 R A el AR 1k 2o AT o T ek | T Ak ol o
O WEIE LY BT A ) I R A 1] AR H AT R Z PR TR AR 1 TR
FAME S0 R G &S5 T A IR, 18 FH R A AR K A & e as a) , ELARR BN

(1) X FA ARG TR BoR R, BATT 2 68 F A 8552 T i v Fn = 2 ok vk
BT FIHE B 1R 4 T B PR AR RS B AL, = OGRS i v (A R S
18, T AR 107 3 S B 538 15 BORBE R AR DL ORI XS R AR HR 1 & T 2 2 I G i
) E A5

(2) X F ARG R R 5T, Bl B 2R PR E IR T =4 s
O TLATA 8, i R FLIE 4 A e R R £ B, s e 5 by 33 DLl A 48 ) TR 3 v
SN 5,25 P 48 A T AR AR TR 22 SR IS Y A

(3) X F ARG H (s BoRE S PUN R G B, HAT7e (5 BoREH AR H R AR
iﬁﬁﬁﬁkﬁ% G ) = e i, 5 R OGRS A SR A T s s A

JEG G R AT AR TR A Sh 1k B RE Ak i R SE B, T B BORE S b

SER TR S5 SERE TR A TSR R RE AL H S R 4.



No.6

KRG ARG TS B R SRy i e ik 1353

(1]

[6]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A5, EI S, AR AR ALIER B SRR 7 TR 52 B b 1 B R ZE [ T ] 0 F R il 55 TR Rl 2 24
2022,30(1) :246-256
Zou Xianjian, Wang Chuanying,Song Huan.Application of automatic recognition technique for the panoramic borehole
images obtained in engineering practice[ J].Journal of Basic Science and Engineering,2022,30( 1) :246-256
Xu Z,Liu F,Lin P, et al. Non-destructive, in-situ, fast identification of adverse geology in tunnels based on anomalies
analysis of element content[ J].Tunnelling and Underground Space Technology,2021,118:104146
Xu Z,Yu T,Lin P, et al. Adverse geology identification through mineral anomaly analysis during tunneling : methodology
and case study [ J/OL ]. Engineering, 2023 [ 2023-12-12 ]. https://www. sciencedirect. com/science/article/
pii/S$2095809923000061
Xu Z,Yu T,Lin P, et al.Integrated geochemical , mineralogical , and microstructural identification of faults in tunnels and
its application to TBM jamming analysis[ J].Tunnelling and Underground Space Technology,2022,128 ;104650
ZERA A0 ZEF- A5 L0 % T8 B3 O KU A 14 R P U AR R 5 R [ ] R S TR A i,
2013,21(1) :147-158
Li Shucai,Shi Shaoshuai, Li Liping, et al. Attribute recognition model and its application of mountain tunnel collapse
risk assessment[ J].Journal of Basic Science and Engineering,2013,21(1) ;147-158
Wu W, Zhang K,Zhu H.A fast automatic extraction method for rock mass discontinuity orientation using fast k-means++
and fast silhouette based on 3D point cloud [ C].IOP Conference Series; Earth and Environmental Science. IOP
Publishing,2020,570( 5) 052075
FRAERC, 2 AT, 0 b 5, 468, i 3 B 205 40 T K505 TR B o A AT 4 O 9 ) ] BB B i, 2016, 36 (12)
1471-1477
Zhang Yanhuan, Li Liping, Liu Hongliang, et al. Digital identification of evaluation of tunnel surrounding rocks
discontinuity[ J].Tunnel Construction,2016,36(12) :1471-1477
Lane S N, Richards K S, Chandler J H.Developments in photogrammetry ; the geomorphological potential [ J ].Progress in
Physical Geography,1993,17(3) :306-328
ERFE TR R A BEE 5 TR B SRR BT R AN SB[ DR : IHAR 24,2018
Wang Shiyan.Research and implementation of tunnel face crack extraction algorithm based on digital image[ D ].Jinan;
Shandong University ,2018
RIS, I S LTS R R E A S (5 BoRSE AL BRI SE [ J] 260 12 5 LA 2 4, 2003, (3
2) :2568-2571
Wu Zhiyong, Nie Dexin, Li Xuefeng,et al.Information interpretation of rockmass structure based on digital image[ J].
Chinese Journal of Rock Mechanics and Engineering,2003, (S2) :2568-2571
Reid T R, Harrison J P.A semi-automated methodology for discontinuity trace detection in digital images of rock mass
exposures| J ] .International Journal of Rock Mechanics and Mining Sciences,2000,37(7) ;1073-1089
Lemy F, Hadjigeorgiou J. Discontinuity trace map construction using photographs of rock exposures[ J].International
Journal of Rock Mechanics and Mining Sciences,2003,40(6) :903-917

WHM 2 T AT VU A S U R R R R R i mi e[ 1], BARRL A 2004, (2) £ 118-122
Fan Liuming,Li Ning.Research on intelligent interpretation method of rock fracture image based on pattern recognition
technology [ J].Progress in Natural Science,2004,(2) ;118-122
JEIFR AR AR 2R DS ZE S B 0 T B T S L AP IR S BB B[ T ] A 05 S TREAEAR 2008, (15 1)
3166-3172
Zhou Chunlin,Zhu Hehua, Li Xiaojun.Application of infrared photography and image processing to tunnel construction
with new Austrian tunneling method[ J].Chinese Journal of Rock Mechanics and Engineering,2008, (S1) :3166-3172
¥ TR AR Y B T 5 T B B R G ST [ D ] WL - P R 538 R, 2009
Leng Biao.Research of tunnel face geology information system based on digital image[ D ].Chengdu ; Southwest Jiaotong
University ,2009
Y 0%, 0K B AR R S T R B R U T R ) e S R, 2021, 56 (2) 1 246-252+322
Leng Biao,Zhang Yi, Yang Hui,et al.Rapid recognition of rock mass fractures in tunnel faces[ J].Journal of Southwest
Jiaotong University,2021,56(2) :246-252+322



1354 N IHEAl S TRERL 22 40 Vol.31

(17] ¥ B OUSCHE £ W, 48 07 RMR AL B % T8 7% b 5 2 A b (9 BRI [ 7] BR B B ke 8211, 2013, (11)
77-81
Leng Biao,Qiu Wenge , Wang Gang, et al. Research on digital image processing technology used in geological analysis of
tunnel engineering[ J | .Railway Standard Design,2013,(11) ;77-81

[18] Roberts G,Poropat G V.Highwall joint mapping in 3-D at the Moura Mine using SIROJOINT[ R ].Pullenvale ; CSIRO
Exploration and Mining Technology Court,2000

[19] TRz AL S BA R KR EEPFA [ D] JEIH AL R, 2009
Yu Tianliang. Digital identification of the discontinuities information and strength evaluation of the rockmass[ D ].
Shenyang ; Northeastern University 2009

[20] HREG, TERA:  BWRALIA , &5 0% R0 B0 A A S By Ul SRR [ )] A0 0% 5 TR %440, 2009, 28
(12) :2482-2489

Yang Tianhong, Yu Qinglei, Chen Shikuo, et al. Rock mass structure digital recognition and hydro-mechanical

parameters characterization of sandstone in Fangezhuang coal mine [ J]. Chinese Journal of Rock Mechanics and
Engineering,2009,28( 12) ;2482-2489

[21]  TRZL, KA 4 53, 45 R TR0 BRI B a O 2 R s 1 A R I [ C ) SR =i e EK E A )
ARG VOEEIUR. L [R5 R R4t , 2010 101-104
Wang Shuhong, Zhang Jingjie, Yang Yong, et al. Spatial model of rock excavation process based on digital
photogrammetry and its application [ C ].Proceedings of the 3rd National Conference on Hydraulic Rock Mechanics.
Shanghai ;: Tongji University Press,2010:101-104

[22] B4R, XA, s, A5 5T 2 D Bt A IR S A T B UM SRR E A R [ 1] R 5 E A TR,
2014,31(1) :127-133
Zhao Xingdong, Liu Jie, Zhang Hongxun, et al. Rockmass structural plane digital recognition and stope stability
classification based on the photographic surveying method[ J].Journal of Mining & Safety Engineering,2014,31(1) .
127-133

(23] 2R XNk ZR)F 2 2 T RO R A 57 A AR AR IE DTk R TR )] A0 12 5 TR
#%,2017,36(1) :1-9
Li Shucai, Liu Hongliang, Li Liping, et al. A quantitative method for rock structure at working faces of tunnels based on
digital images and its application[ J].Chinese Journal of Rock Mechanics and Engineering,2017,36(1) :1-9

(24]  BREEZ: WA RAHEET M ZRA RSB H A SR T ] T 25 ) 5 TR0, 2017,13(1)
133-140
Chen Jiangin, Li Xiaojun,Zhu Hehua.Automatic extract of rock mass spacing and roughness based on point clouds[ J].
Chinese Journal of Underground Space and Engineering,2017,13( 1) :133-140

[25]  HRAME, B I, 20KAR 45 2 TALGE I = e B EOCH R RTSE 4058 [) ] A 3L ,2020,46 (4) :631-652
Zheng Taixiong, Huang Shuai, Li Yongfu, et al.Key techniques for vision based 3d reconstruction:a review[ J ]. Acta
Automatica Sinica,2020,46(4) :631-652

[26] Baillard C, Zisserman A.A plane-sweep strategy for the 3D reconstruction of buildings from multiple images [ J].
International Archives of Photogrammetry and Remote Sensing,2000,33(B2;PART 2) ;56-62

(27]  SKE ZEWEIR A0, 55 5 T BRI A A T RPERE = R B B0 57 S i [ 9] 0 JH 26k 15 TR 2224l
2022,30(5) :1161-1176
Zhang Peixing, Li Xiaozhao, Zhang Yangsong, et al. Three-dimensional model construction and application of fault
trenching based on photogrammetry[ J|.Journal of Basic Science and Engineering,2022,30(5) :1161-1176

[28] Westoby M J, Brasington J, Glasser N F, et al. * Structure-from-Motion” photogrammetry : A low-cost, effective tool for
geoscience applications[ J].Geomorphology,2012,179:300-314

(291 VFSCHE ZE0REE , TEAA AR, A5 T 4550 I Bt 2R 0 10 2 1A 5 1 TS A TR R AE KN [ 7] 222 4, 2022, 51
(10) :2093-2106
Xu Wentao, Li Xiaozhao,Zhang Yangsong, et al.Fine identification and characterization of rock mass discontinuities and
its application using «a digital photogrammetry system|[ J].Acta Geodaetica et Cartographica Sinica,2022,51(10) :
2093-2106

[30] B/l o g, sk nT Bk, 45 8 T IE ANLEE 2 F 807 PR i v 1 4 405 1 i i S LT 15 8L A sl S5 26T ).
F AR T HE2EHR,2022,55 (4% 2) . 139-148



No.6

RGN R RS HT EOR AR SRR 7 i T i 1355

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Yi Xiaokai, Wu Wei, Zhang Keshen, et al. Automatic geometric information gathering and clustering of exposed
discontinuities on high slopes based on virtual multi-vision images from drones[ J].China Civil Engineering Journal,
2022,55(S2) :139-148

R, B, R i, %5 5T HDBSCAN 075 A RS M Tl P R U B 43 4 0575 [ 1] AR AE K24 ( B AR
i) ,2022,43(6) :888-896

Wang Shuhong, Wei Wei, Chen Hao, et al.ldentification and grouping method of strike information of rock mass based
on the HDBSCAN algorithm[ J].Journal of Northeastern University ( Natural Science) ,2022,43(6) ;888-896

7 W, B8 T, X —n5 | S T UHE DBSCAN S35 A A RS H TR RETRUD U7k [ 1] B3 S5 3t T TR 9K B,
2022,4(2) :49-58

Li Sheng, Xiong Ziming, Liu Yiming, et al. Intelligent identification of rock discontinuities based on an improved
DBSCAN algorithm[ J ] .Hazard Control in Tunneling and Underground Engineering,2022,4(2) ;:49-58

i 1 T A R DM 4 v B R S A TR SR AR 5 LTS AE R IR [ D] AR MO, 2022

Han Bo.Structural plane acquisition and geometric feature description of high and steep slope based on non-contact
photogrammetry[ D ].Changchun ; Jilin University ,2022

P B BER B BURBE S5 44 T B b X0 B SRR E MR T PSS [ D] AR ARORSE 2022

Fu Rui.Research on non-contact measurement of discontinuities and stability of high and steep fractured rock slope
[ D].Changchun: Jilin University 2022

#HIC, 3K 30, IR, . m A BRI R SR AR R 5 R R S T E SR T B P B Pk ()] K
Bl 5EREE 244 ,2022,44(6) ; 1066-1082

Dong Wenchuan,,Zhang Wen, Li Tengyue, et al. Construction of 3D real scene model of high-steep rock slope surface
and development of automatic interpretation method and platform of rock mass discontinuous [ J]. Journal of Earth
Sciences and Environment,2022,44(6) :1066-1082

WREVE T AN, 45 5 T J0 AU B3 1 B s 5 A TR 500 [ 0] R 2 2 e ( A SR RL2A 1)
2022,49(1) :145-154

Chen Changfu,He Kuangyu, Yu Jiayong, et al.Identification of discontinuities of high steep slope based on UAV nap-of-
the-object photography[ J].Journal of Hunan University ( Natural Sciences) ,2022,49(1) ;145-154

AEITIR ARSI XS, 45 T 0 A LA ) i 550 DX e 9 g i 1) = 40 SR Bt o 2% SR —— L o R
T LS5 XA 0] BT S5 B iR 240, 2021,32(5) :62-69

Xiong Kaizhi,Ren Zhiyuan,Zhao Yalong, et al.Identification of dangerous rock structural planes and fracture network
model in Danxia landform based on UAV aerial survey: A case study at simianshan scenic area of Chongqing[J].The
Chinese Journal of Geological Hazard and Control,2021,32(5) :62-69

LT SRR, A JC USRS I e 2 s R S T A R A R [T BB A e (5 B R
F2) ,2020,45(11) :1739-1746

Ye Zhen, Xu Qiang, Liu Qian,et al. Application of unmanned aerial vehicle oblique photogrammetry to investigation of
high slope rock structure[ J ].Geomatics and Information Science of Wuhan University ,2020,45(11) ;1739-1746
Werd iR, R T2 A SR T IM SR I ROR A R BE A& A A5 4 T 9 A 5 T ST [ J/OL ] AR B R
4R (H %ﬂi}%}i) :1-14.[ 2023-05-12 ] .http ; //kns.cnki.net/kems/ detail /51.1634.n.20221223.0920.001 . html

Yao Futan, Wu Mingtang, Dong Xiujun, et al.Research on investigation method of discontinuities of dangerous rock mass
based on nap-of-the-object photogrammetry[ J/OL].Journal of Chengdu University of Technology ( Science & Technology
Edition) :1-14.[ 2023-05-12 ] .http : //kns.cnki.net/kems/ detail /51.1634.1n.20221223.0920.001. html

M BRSEAR, AR B A B T LSS A E = T R ROR 1Y R T B A R 2 R B U ik B [T
R L TR, 2019,16(4) :1001-1007

Xie Zhuang, Chen Baolin, Fu Jinyang, et al. Digital identification and application of rock mass structure on tunnel
excavation face based on computer vision 3D reconstruction| J].Journal of Railway Science and Engineering,2019,16
(4):1001-1007

Kocak D M, Caimi F M,Das P S,et al. A 3-D laser line scanner for outcrop scale studies of seafloor features[ C].
Oceans’ 99. MTS/IEEE. Riding the Crest into the 21st Century. Conference and Exhibition. Conference Proceedings
(IEEE Cat.No.99CH37008) .IEEE,1999,3:1105-1114

Slob S,van Knapen B,Hack R, et al.Method for automated discontinuity analysis of rock slopes with three-dimensional
laser scanning[ J ].Transportation Research Record,2005,1913( 1) ;187-194



1356 N IHEAl S TRERL 22 40 Vol.31

[43] #FHE, WP = 4EROEA HBORTE & BER S B A rh pg B[] 8 A 128 5 TR iR, 2006, (1 2) :
3629-3635
Dong Xiujun, Huang Runqiu. Application of 3D laser scanning technology to geologic survey of high and steep slope[ J].
Chinese Journal of Rock Mechanics and Engineering,2006, (S2) :3629-3635

(44] ISR, T R4, 0 F. = ZEBOC 0 F Gore A R a1 T UM o B R[] o R R R K R =2 BT 8 B 2 4,
2007, (1) :43-48
He Bingshun,Ding Liugian,Sun Ping.The application of 3-D laser scanning technology in rock joint sets identification
[J].Journal of China Institute of Water Resources and Hydropower Research,2007, (1) :43-48

[45] AP AT = HEROCHIEEE 1A A S5 T = RN 5 EEDFFE [ D] AL b I BTR 4 (JE5T) ,2010
Shi Xingho.Research for identifying structural plane based on three-dimensional laser scanning data[ D ].Beijing; China
University of Geosciences ( Beijing) ,2010

[46] BT, A8, B, % ZHEROCHRMEOR R e A IR £ P AR S THE [ 1] TRk 2 Be ke i, 2013,
30(11) :45-49
Huang Jiang, Shi Yuchuan, Ji Feng, et al. Discussion on the application of 3-D laser scanning technology to the
investigation of high slop perilous rockmass[ J].Journal of Yangtze River Scientific Research Institute,2013,30(11):
45-49

[47] 7 W IET =4O 0 A RS T R 515 BRI D). RER . R B T k24,2020
Ning Hao. Recognition and information extraction of rock mass structural plane based on 3D laser scanning[ D ].
Chengdu ; Chengdu University of Technology,2020

(48]  ZEANAR Mgkl s, . = AeO I EARTE M T 48 A R TR SR RLTT [ )] 3 S ARkA R 2021,29
(2) :236-244
Li Jielin, Yang Chengye,Peng Chaozhi, et al. Application of 3D laser scanning technology to identification of rock mass
structural plane in roadway of underground mine[ J].Gold Science and Technology,2021,29(2) :236-244

[49] BEE G, FEmZE fEXME 5 I T = 4EM00 A 2= W SR A RS RRE T [ )] A A 2 5 TR
#%,2021,40(6) :1209-1225
Liang Yufei, Pei Xiangjun, Cui Shenghua, et al. Analysis of rock mass structure characteristics of landslide failure
boundary based on ground 3D laser point cloud[ J].Chinese Journal of Rock Mechanics and Engineering,2021,40(6) ;
1209-1225

[50] Pan D,Li S,Xu Z,et al. A deterministic-stochastic identification and modelling method of discrete fracture networks
using laser scanning: Development and case study[ J ].Engineering Geology,2019,262:105310

[51] Pan D,Xu Z,Lu X,et al.3D scene and geological modeling using integrated multi-source spatial data: Methodology ,
challenges , and suggestions[ J].Tunnelling and Underground Space Technology,2020,100 ;103393

[52] Singh S K,Raval S, Banerjee B P. Automated structural discontinuity mapping in a rock face occluded by vegetation
using mobile laser scanning[ J|.Engineering Geology,2021,285 ;106040

[53] Alshawabkeh Y,Baik A, Miky Y.Integration of laser scanner and photogrammetry for heritage BIM enhancement[ ] ].
ISPRS International Journal of Geo-Information,2021,10(5) :316

[54] Tong X,Liu X, Chen P, et al.Integration of UAV-based photogrammetry and terrestrial laser scanning for the three-
dimensional mapping and monitoring of open-pit mine areas[ J].Remote Sensing,2015,7(6) :6635-6662

[55] Salvini R,Francioni M, Riccucci S, et al.Photogrammetry and laser scanning for analyzing slope stability and rock fall
runout along the Domodossola-Iselle railway , the Ttalian Alps[ J].Geomorphology,2013,185:110-122

[56] W) &, 5 2 B AT RGRNOE S = /a0 E RER AR [ T] 4% 3h K 512 W7,2023,43(2) :
254-262+407
Si Lei, Wang Zhongbin, Li Jiahao, et al.Coal-Rock recognition of intelligent mining face based on the fusion of image
and laser point cloud[ J].Journal of Vibration, Measurement & Diagnosis,2023,43(2) :254-262+407

[57] Ismail A,Safuan A R A,Sa’ ari R, et al. Application of combined terrestrial laser scanning and unmanned aerial vehicle
digital photogrammetry method in high rock slope stability analysis: A case study[ J ].Measurement,2022,195.:111161

[58] GkoRH AT, 22 0 25 ZIRBHR SR CA RGO [ 1] 208 4], 2021, (11) :76-80+105
Zhang Rongchun, Yi Xuefeng, Li Hao, et al. Rock surface extraction method with multi-semantic of multi-source data

[ J].Bulletin of Surveying and Mapping,2021,(11) :76-80+105



No.6 KRG AR TS SRR LU 7 it 5 ok Jig 1357

[59] ISRM.International society for rock mechanics commission on standardization of laboratory and field tests; Suggested
methods for the quantitative description of discontinuities in rock masses[ J].International Journal of Rock Mechanics
and Mining Sciences & Geomechanics Abstracts, 1978,15(6) :319-368

[60] Abellan A, Vilaplana J M, Martinez J. Application of a long-range terrestrial laser scanner to a detailed rockfall study at
Vall de Niria (Eastern Pyrenees,Spain) [ J].Engineering Geology ,2006,88(3-4) ;136-148

[61] Fernandez O.Obtaining a best fitting plane through 3D georeferenced data[ J].Journal of Structural Geology,2005,27
(5) :855-858

[62] XL, WA, 200, A5 UL S0 A PR S 0 IR - U B R e Mo [ 1] SRR 2013,13(4) :52-55
Liu Haijian, Zhao Xingdong, Jiang Yuanyong, et al. Numerical identification and stability classification of rock mass
discontinuities in Jiuzhanggou gold mine[ J].Mining Technology,2013,13(4) :52-55

[63] Buyer A,Aichinger S,Schubert W.Applying photogrammetry and semi-automated joint mapping for rock mass characterization
[ J].Engineering Geology,2020,264 ;105332

[64] Hou D, Zheng X, Zhou Y, et al. Analysis and application of surrounding rock mechanical parameters of jointed rock
tunnel based on digital photography[ J].Geotechnical and Geological Engineering,2022:1-19

[65] Riquelme A J,Abellan A, Tomas R, et al. A new approach for semi-automatic rock mass joints recognition from 3D point
clouds[ J].Computers & Geosciences,2014,68:38-52

[66] Chen J,Huang H,Zhou M, et al. Towards semi-automatic discontinuity characterization in rock tunnel faces using 3D
point clouds[ J].Engineering Geology,2021,291 ;106232

[67] Yazdanpanah M, Xu C, Sharifzadeh M. A new statistical method to segment photogrammetry data in order to obtain
geological information[ J].International Journal of Rock Mechanics and Mining Sciences,2022,150 ;105008

[68] Singh S K,Banerjee B P,Lato M J,et al. Automated rock mass discontinuity set characterisation using amplitude and
phase decomposition of point cloud data[ J].International Journal of Rock Mechanics and Mining Sciences, 2022,
152:105072

[69] LiuY,ChenJ,Tan C,et al.Intelligent scanning for optimal rock discontinuity sets considering multiple parameters based
on manifold learning combined with UAV photogrammetry[ J].Engineering Geology,2022,309:106851

[70]  Chen J,Zhu H, Li X.Automatic extraction of discontinuity orientation from rock mass surface 3D point cloud [ J].

[71]

[72]

[73]

[74]

[75]

[76]

Computers & Geosciences,2016,95.18-31

Rl BT RN S T S AROC AR EOR B e R R R RE U S A BRI T A A e S TR
#%,2017,36( 12) :3050-3061

Ge Yunfeng, Xia Ding, Tang Huiming, et al. Intellectual identification and geometric properties extraction of rock
discontinuities based on terrestrial laser scanning[ J].Chinese Journal of Rock Mechanics and Engineering, 2017, 36
(12) :3050-3061

R, 2R, AL, 45 5 T B W (IR i B A S A T (3577 IR K-means SRS (1] 07 L WHR 5T
%,2022,42(7) :137-143

Wu Shunchuan, Li Yujie, Zhang Huajin, et al. An improved K-means clustering algorithm for dominant occurrence of
rock mass discontinuities based on density peaks[ J].Mining Research and Development,2022,42(7) ;137-143

Cui X,Yan E.A clustering algorithm based on differential evolution for the identification of rock discontinuity sets[ J].
International Journal of Rock Mechanics and Mining Sciences,2020,126:104181

4 & AT S RO AR AT GEUI [ D] 12% 2SI B, 2020

Jin Xin. Intelligent recognition of slope discontinuities based on 3D laser scanning [ D ]. Shaoxing: Shaoxing
University ,2020

Xu W,Zhang Y,Li X, et al.Extraction and statistics of discontinuity orientation and trace length from typical fractured
rock mass: A case study of the Xinchang underground research laboratory site, China[ J ].Engineering Geology, 2020,
269105553

FMEALL, DRIRER , BRSF- , 4F B TR 58 BILE Y A (R S5 ) TSR C B R [ T] . h g K283k ( B ARRL
fz) ,2016,47(9) :3125-3130

Qin Shengwu,Chen Junjun, Chen Jianping, et al.Fuzzy C-means cluster analysis based on rough set for grouping of

discontinuities[ J].Journal of Central South University( Science and Technology) ,2016,47(9) :3125-3130



1358 N IHEAl S TRERL 22 40 Vol.31

[77] Albarelli D, Mavrouli O C, Nyktas P.Identification of potential rockfall sources using UAV-derived point cloud [ ]J].
Bulletin of Engineering Geology and the Environment,2021,80(8) :6539-6561

[78] Herrero M J, Pérez-Fortes A P, Escavy J I,et al.3D model generated from UAV photogrammetry and semi-automated
rock mass characterization[ J].Computers & Geosciences,2022,163:105121

[79] Xu Q,Ye Z,Liu Q,et al.3D rock structure digital characterization using airborne LiDAR and unmanned aerial vehicle
techniques for stability analysis of a blocky rock mass slope[ J].Remote Sensing,2022,14(13) :3044

[80] Kong D,Wu F,Saroglou C.Automatic identification and characterization of discontinuities in rock masses from 3D point
clouds[ J].Engineering Geology ,2020,265 ;105442

[81] Dewez T J B, Girardeau-Montaut D, Allanic C,et al. FACETS ;A CloudCompare plugin to extract geological planes from
unstructured 3D point clouds[ J].International Archives of the Photogrammetry,, Remote Sensing & Spatial Information
Sciences ,2016,41.:799-804

[82] Yan J,Chen J,Zhan J,et al. Automatic identification of rock discontinuity sets using modified agglomerative nesting
algorithm| J ] . Bulletin of Engineering Geology and the Environment,2022,81(6) :229

(831 kbt SN & e 3. 5T DBSCAN e SR iy A R G5 i I AL 34 IR 4 vk [T A 3%, 2022,
(6):1-12
Zhang Huajin, Wu Shunchuan, Han Longgiang. Dominant partitioning method of rock mass discontinuity based on
DBSCAN selective clustering ensemble[ J].Rock and Soil Mechanics,2022,(6) :1-12

[84] Rz FET = 4ROt EEE 1A A5 U] IR AR X R Gk [ D] ALt i E TR (dbat) ,2012
Zhu Yunfu.The theory and system development of discontinuity identification based on 3D laser scanning data[ D ].
Beijing: China University of Geosciences ( Beijing) ,2012

[85] 2% 2R ZRANMK, SR A 45 BT IC AL I 0 42k 1) 5% R0 25 S e 4 T F 3 iR 3 [0 ). & @ 97 11,2023, (2)
146-153
Li Cui,Li Jielin, Zhang Liangbing, et al. Automatic identification of discontinuities of open-pit rock slope based on UAV
nap-of-the-object photography[ J ].Metal Mine,2023,(2) :146-153

[86] E¥Gi, = ¥, WL, % FET =410 2 (e R G T 5 SR B Pk it 5E (] a0 1w 5 TR,
2021,40(3) :503-519
Wang Peitao, Qin Tuo, Huang Zhengjun, et al.Fast identification of geometric properties of rock discontinuities based on
3D point cloud[ J].Chinese Journal of Rock Mechanics and Engineering,2021,40(3) ;503-519

[87] Drews T,Mierik G,Anders K, et al.Validation of fracture data recognition in rock masses by automated plane detection
in 3D point clouds[ J].International Journal of Rock Mechanics and Mining Sciences,2018,109:19-31

[88] Ge Y,Tang H,Xia D,et al.Automated measurements of discontinuity geometric properties from a 3D-point cloud based
on a modified region growing algorithm[ J].Engineering Geology,2018,242 .44-54

[89] Hu L,Xiao J,Wang Y.Efficient and automatic plane detection approach for 3-D rock mass point clouds[ J].Multimedia
Tools and Applications,2020,79( 1) :839-864

[90] Hu L,Xiao J,Wang Y.An automatic 3D registration method for rock mass point clouds based on plane detection and
polygon matching[ J].The Visual Computer,2020,36(4) :669-681

[91] Xu Z,Ma W,Lin P,et al.Deep learning of rock images for intelligent lithology identification[ J ].Computers & Geosciences,
2021,154:104799

[92] Xu Z,Ma W,Lin P,et al.Deep learning of rock microscopic images for intelligent lithology identification ; Neural network
comparison and selection[ J].Journal of Rock Mechanics and Geotechnical Engineering,2022,14(4) :1140-1152

[93] Xu Z,Shi H,Lin P,et al.Integrated lithology identification based on images and elemental data from rocks[ J].Journal
of Petroleum Science and Engineering,2021,205 ;108853

[94] Shi H,Ma W,Xu Z H,et al. A novel integrated strategy of easy pruning, parameter searching, and re-parameterization for
lightweight intelligent lithology identification[ J].Expert Systems with Applications,2023,231:120657

[95] Ge Y,Cao B,Tang H.Rock discontinuities identification from 3D point clouds using artificial neural network[ J].Rock
Mechanics and Rock Engineering,2022,55(3) :1705-1720

[96] Fitton N C,Cox S J D.Optimising the application of the Hough transform for automatic feature extraction from geoscientific
images[ J].Computers & Geosciences,1998,24(10) :933-951



No.6 KRG AR TS SRR LU 7 it 5 ok Jig 1359
[97] JEEFR FETEFEURER A A R BRS A0 S FIWFSE [ D] B« [R5 K27, 2009
Zhou Chunlin.Fine description and application of rock joints based on digital image technology[ D ].Shanghai; Tongji
University ,2009
(98] RIBME AT ZUEE A A RS54 T BRI 5 5 55 BT RS D] B at . B Ui k%, 2016
Song Junmin.Intelligent recognition method and information interpretation of rock mass structure plane based on multi-
source data[ D].Nanjing: Nanjing Normal University,2016
[99] WEaT BT RIS HY AR RB U KB BE TN A 2 [ D] K KR, 2020
Yang Xiaoyu.Research on rock mass fracture identification and blasting fragmentation prediction based on image[ D].
Tianjin; Tianjin University, 2020
[100]  XIswis FE T AL GE iR 8 A 2 2 LR U 5 RAE[ D] AR - PRk K%, 2021
Liu Keqgiang. Identification and characterization of complex fractures in tunnel surrounding rock based on computer
vision[ D ].Xuzhou ; China University of Mining and Technology,2021
[101] KA, Taher, TMET:, 6. 4 Dol i 24 B 0 45 R e R S5 S 8GR L[ 1] 4 £ TR 2¢ 42, 2021,43 (12) ¢
2240-2248
Zhang Zishan, Wang Shuhong, Wang Pengyu, et al.Intelligent identification and extraction of geometric parameters for
surface fracture networks of rocky slopes[ J].Chinese Journal of Geotechnical Engineering,2021,43(12) ;2240-2248
[102] Chen J,Zhou M, Huang H, et al. Automated extraction and evaluation of fracture trace maps from rock tunnel face
images via deep learning[ J ].International Journal of Rock Mechanics and Mining Sciences,2021,142 104745
[103]  FERH, BRESE A 2R, 45 56 T8 1T SR I A (R 5 A T LA 5 SR SRR [ ] 3 PR 25 4l (i Bk
BlehR) ,2012,42(6) :1839-1846
Wang Fengyan, Chen Jianping, Yang Guodong, et al. Solution models of geometrical information of rock mass
discontinuities based on digital close range photogrammetry[ J].Journal of Jilin University ( Earth Science Edition) ,
2012,42(6) :1839-1846
[104] BRI TR I & =4k < I 2R TR S = 408 8 BRI 8 [ D] R 5T . FE S B TR %%, 2018
Zhao Jiabin.Research on discontinuity identification and 3D seepage pipeline network model based on 3D point cloud
obtained by photogrammetry[ D ].Nanjing : Nanjing University of Science and Technology,2018
[105] Li X,Chen J,Zhu H.A new method for automated discontinuity trace mapping on rock mass 3D surface model[ J ].
Computers & Geosciences,2016,89:118-131
[106] Zhang K,Wu W,Zhu H,et al.A modified method of discontinuity trace mapping using three-dimensional point clouds
of rock mass surfaces[ J].Journal of Rock Mechanics and Geotechnical Engineering,2020,12(3) ;571-586
[107] Riquelme A J,Abellan A, Tomds R.Discontinuity spacing analysis in rock masses using 3D point clouds[ J].Engineering
Geology,2015,195:185-195
[108] Gigli G,Casagli N.Semi-automatic extraction of rock mass structural data from high resolution LIDAR point clouds[ J].
International Journal of Rock Mechanics and Mining Sciences,2011,48(2) :187-198
[109] LiX,Chen Z,Chen J,et al. Automatic characterization of rock mass discontinuities using 3D point clouds[ J].Engineering
Geology,2019,259:105131
(110] Bk W2 T =4EM0 I A A CA R G55 ISR IOR SR IR AT [ D] 3000 U, 2018
Chen Na.The structural information and deformation monitoring of rock slope based on 3D Laser Scanning technology
[ D].Wuhan; Wuhan University,2018
[111] Kong D,Wu F,Saroglou C,et al.In-situ block characterization of jointed rock exposures based on a 3D point cloud
model[ J ].Remote Sensing,2021,13(13) ;2540
[112] LiS,XuZ,Ma G,et al. An adaptive mesh refinement method for a medium with discrete fracture network ; The enriched
Persson’ s method[ J ].Finite Elements in Analysis and Design,2014,86:41-50
[113] Wang W, Zhao W, Chai B, et al.Discontinuity interpretation and identification of potential rockfalls for high-steep

slopes based on UAV nap-of-the-ohject photogrammetry[ J].Computers & Geosciences,2022,166:105191



1360 7 AER 5 TRERR A4 Vol.31

Review on Collection and Extraction Methods of
Rock Mass Discontinuity Information

ZHU Hehua', PAN Bingyi', WU Wei', HUANG Yong’,
LIU Jian® , LI Huaming4

(1.Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China ;2. China Railway First Survey
and Design Institute Group Co. Ltd., Xi’an 710043, China; 3. Zhong Dian Jian Ji Jiao Expressway Investment
Development Co.Ltd., Shijiazhuang 050090, China;4.Sichuan Lehan Expressway Co.Ltd.,Leshan 614099 ,China)

Abstract

The identification and acquisition of geometric information regarding discontinuities are
essential for analyzing the structural characteristics of rock mass,which provides the foundational
data for slope stability analysis, tunnel stability prediction, engineering classification of rock
mass , tunnel support design, and related tasks. Due to the low efficiency, high risk, and low
precision of conventional information collection methods, it is necessary to develop intelligent
information acquisition and identification methods to capture the regularity of discontinuities.
This paper presents an overview of the current application status of non-contact measurement
information acquisition technologies, specifically 3D laser scanning and photogrammetry.
Additionally, focusing on the orientation, cluster, trace, and spacing characteristics of
discontinuities , the research progress of identification and extraction algorithms are discussed,
such as cluster-based methods,region-based segmentation methods, and artificial neural network
methods. Lastly, the application directions of the discontinuity information acquisition and
identification methods are analyzed from three perspectives; block size identification, slope
stability analysis, intelligent classification of rock mass, and dynamic support design. The
findings demonstrate that achieving rapid and automatic analysis of rock structures relies on
three key factors: Firstly, developing and implementing high-precision and high-efficiency
information acquisition technology for engineering. Secondly, researching fine algorithms for
structural discontinuities recognition combined with geological information, and thirdly
constructing a comprehensive , full-process automatic system.
Keywords : discontinuities ; intelligent identification ; photogrammetry ;3D laser scanning; cluster;

region growing;neural network



