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Abstract: The stability of rock mass is mainly controlled by a large number of internal discontinuities. Therefore, the accurate and
efficient extraction of discontinuity information is a significant process to analyze the stability of rock mass. In the paper, the raw
point cloud data is collected by three-dimensional laser scanner, a new approach about automatic extraction of discontinuity is
proposed based on point cloud model of rock mass, which can automatically decipher the parameters of rock mass discontinuities.
The new sampling method and evaluation method are successfully introduced based on the modified Ransac algorithm, the
efficiency and accuracy of Ransac algorithm are rapidly improved to adapt rough point cloud data of rock mass. The modified
Graham Scan algorithm is proposed to delineate the convex-concave boundary and to calculate the size for discontinuity. Based on

the above algorithms, this paper developed a discontinuity extraction program named RDD (ransac discontinuity dtection). RDD is
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tested by two sets of standard geometry data and one set of rock mass data. The results indicate that the orientation error of

standard geometry is less than 1°and the maximum error of rock is less than 6°, which satisfy the prescriptive error requirements of

engineering.

Key words: three-dimensional laser point cloud; discontinuity; Ransac algorithm; Graham Scan algorithm ; engineering geology.
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Algorithm 1 Extract plane based on modified Ransac algorithm

Input: P is a matrix which stores the point cloud.

Output #1: ¥ is a matrix which stores the parameters of the extract-
ed discontinuities.

Output #2: P, is a matrix which stores the points belonging to the
corresponding discontinuities.

1: < @{extracted discontinuities}

2:C < @{discontinuities candidates}

3: repeat

4:  C < CU new candidates ()

5:  m=<Dbest candidate(C)

6:  if P(lm|,|c[)>p, then

7: P < P\ P, {remove points}

8: V< Um

9: C<C\ C,, {remove invalid candidates}
10:  endif

11: until P(z, |c[)>p,

12: return ¥

A P R TR 98 ¢ — Y 1R S A
W 8 YRR
n

mmzﬁém%vqﬁv, (2)

M S AR - T 2 BRI R Ok L A D P T W
PR ARE 38

p(n,S)=1—[1—p(n) 7. (3)

N R — A B (E, 38 0 SR AR S w] LA B 2
LR SF- T ABCR T

In(1—P,))

In[1—=p(n)]

BT POn) 35 5/ BB %8 In[ p () ] 0]
Ll i WM B R EIF In[l—pn)]=
—P(n)+O[pnP], ALK (L) A1F:
—In(1—p)

pln)
123 REHZFE BRWEHBREMRETLA
MRKR, F LSRR R BH N
JE AR —Fh R 4, WA SO B AR F R —
A THT A ARE A 0B R . A R X — A A BB R
P R RERCE . Myatt(2002) B Z53iF B, 1 L) 3 1 1)
FH B AR 11 Jr 38 14 e SR RE L DA T 348 o A5 780 Py 3 114 4
L JE A BE LR AR B B R R 4 2 kR
52 >k It AL Bk 2 A A A0, L2 A2 5 2 01 50 3 ok o 19 4
JE RN 40 A SR A 52 . SR, X TS [ [ AR AR B a5 1
5 B R0 A AR AR AR T, B A ) — AN A5 R ) AN [ A7

T>= (4)

T A (5)

BB b s 2R AR B AR SR T
— 7 ok 3 R R Y R L\ U A g —
A RO T @ R p 2 ) 2s [ SR T ik . |
J6, To 2 M BE RS — A a5 Py AR A4 R O 1T, 4R
J BE AL DA N SUR 18 45 449 22 oh Bk ik — S0 5% PRy B
JG C. b AEHIT ChEE I IR K— 1AM REA AT
i FHZ 5 3R BN B n A 55 0T T W R A R R

Do (0)=p(pr ET ) p( po.pr €C). (6)

FEX ATy B 58— DR 0/ NS A
RER A e T CAR TR MR . 211l o A K
S EEICREE CH, CR B — ALk .
PORS RS TR NI PN 2§ ‘SR L=¥ I FUE =)
ZAN EANTERA B Tk AP T R I B A — Ok
FRAR N RE G I\ SO 5 R 19 JT 3R B R 1 2 1 Y 4R
A, AELAE 6 SF- ThI A Y RS B RS 2 R, AT RE I B A
S BREHE TR N e A L P BR T B X S 4
S B 6 RN U S5 48 1 oo R AR R —FE R
R TAE Tt BT RE CAE I v AR
HP(PCW) VI ¥ I A By sl 18U & o R &
CHR B —2F M B, TR E Crh i — R s
SRR R ECHE R N R R T R A C I
RARSFAE IR 1/d, d &\ R 850 B R . R L,
MWES C kit i 5 PP, (PP C W) I 5% 1 % AE
fig5a b A (7)) IR R B A (D ARALR(E),
AR E 4 0(8).

(c\/z)
13_1%(1)“
o
1

Plocal ( n )

n
N4z (8)
1.24 WEHFE M R o, HRPEAL T 4
A 9 18 1T X AN R PR R E AL LR 34 i
(1) Y AR F B O £ 5 o 25X AN - 18 09 BE 2/
T I B (L e 119 05 W0 A 15 22 SF 1T P9 19 a5 5 (2) i A2
PR LR 1Y AT HE— 20 A g B A 9 )
S RIS 2 ST T 1) 325 ) ek 22 ) 1) T N T B
B, 30 2 A3 O AN S 1T PN Y 5 (3) AR FE T
PO IMAT B S B B, AR T A
A2 VE] 1 3 S T SO S AN RN SR A 1, 0 B
HERE /N R FE A HE R X T O &0 L UL EPIA-ZER
(A 5, B o M SR Y A RE B R P Y
P

i & 2 6 F AP v, T R o] 15



57

MR S5 B T RO R B R0 A S A T R A 2355

mr:
0, ()= | pul. (9)
B an - AL @ i A5 py BE S E T DL P AP
P
pe=1{p|pEPNd(w.p)<
eﬂarccos(‘n(p)-n(‘lf,p)’<a}, (10)

pw=max [ component( ¥, py) |. (11)

d(w,P)R S PR TR RL RS,
(P)NE PRy, n(W, P) -8 B A W 35 1)
HEAUS P T v R 2 m R,
max [ component (¥, Py) ] 4§ (4 J& P, 76 F I ¥ |y
5 SR B A KAH T B 53 1 s 4R
1.3 EFi# A Graham Scan EiZ & E LR
& 4 4%

1 15 235 K T 2 AE B AN FLI0 B 7 T, AR SCER T
— R Ty VR R RS B R Sy S R T A S BT A R T
b RRAE A5 R 43 A E $E B 45 R THT A B )
A R A8 35K A = 2 ) A RT3 3ok o5 4R 5 B LA
T A A ol )

Graham Scan 8% & — Fl 4k 5 & Ss my i 2
h B ¥ (Héctor et al., 2020). Sk B % 2 2R
J& T A A S S, HE/N y AR TE S
R A A Po, 4% 305 I B 5 10 6 AT HER O Py
WA, 2R Py, Py P TN TH b e AT 2000 2 LA
AR P AT R <Py, P> AR, S R B
Bk Py

L3 ol B 0k BT B 300 SRS T O Y T 45 A T Y
FAEAE A M R, O T TR T A 2
ZERY T A T FE N Graham Scan 8 347 o . X
Tl AR M REE L SN B P 25BN 2 M-
N, FN-M, G025 W25 8 42 7 MM 2 Y =
TE A AL 55 8 1 30 305, B ML -NL RN =M, %Y
JBE T U B 8 25 BEOR N K S8R — A ik
SR AR X TP AT 193, AT A 3 U B AR
B s . E 3a FiE 3b 4B R T Graham Scan
VL I Y Graham Scan 532 1 45 54 .

e 2, T 0 A 20 ARG I B W AR B4
MY R AR B 1 B R4 R T — 4 A R A
Bl da s T LA FH G255 & 4b B Tl eloik
1) Graham Scan %3153 2 (92L& 7 10 A 4
1.4 ZHEERMRTiHE
141 FRUE TV, H A58 1 e g R

(a)

Po

K3 (a) Graham Scan 31 54 0 R 5 (b) e #E J5 B9 Gra-
ham Scan i1 5K I 24 5

Fig.3 (a) Boundary detection using Graham Scan, and (b)

Boundary detection using modified Graham Scan

Fl4 (a)bla-F A 45 2R 5 (b)IUG 1 T A i B4 2
Fig.4 (a) Result of the fitting plane, (b) Boundary delin-

eation of the fitting plane

/(1
Ax+By+ Cz+ D=0, (12)
P T A 1) £ R
N=(N,,N,,N.)
=(A,B,C)/NA+ B+ C*
S5 6 T 7 AR B 08 R AP 1 TR R ) Ll DL R
AR

(13)

N, > 0hf,
ﬂ:cosfl(]\]z), (14)
A, # N, =0,
N,
a=cos " (15)
JNZFN,?
# N, <0,
N
a=2m—cos ' ————"——, (16)
JNZFN,?
YN, <O,
ﬂ:cosﬂ(*Nz), (17)
MW, —N, =0,
—N,
a=cos '———— (18)
JNZFN,?



2356 HERBL2E  http://www.earth-science.net 46 &
#—N, <0, ] 1R A 25 B50HRE R0 — Ak S B 100 3 0 < BUH R iR AT A T
o N, 2.1 HREIZFEE=HIE
a=2n—cos ————, (19)
N2+ N, A 1 m>X 1 mX 1 m 57 75 AR (40151 6a BT

o o o G5 A8 T A A 1] 5 3 2705 25 440 T 0 £
1.42 R-PUE S50 09 R al DL i 25 4 Ti
BRI, R L S L 28 7 b —/h i,
FEAE 45 1 TH 56 B0 A0 AR AR 8 2 2 g U ok BT
Graham Scan 57515 H 19 755245 5%, 0T DL H Ear
clipping By 17 = itk . WA SR, X B A 34
FUALBAIC, 2 A SO RN I, 26 Bt BC 46 % A7 78
T2 RIEH ANZRIE R RB R, YK —
fAE ABC. i X — i 7, H 2 X2 58 2 9
YIRS =8 . B2, 450 0 AR 2 e A =4
T AR S

RN AR N ENTTR A N NS S i
ARG AR R 1 25 H T, FH 485 4 T 45 1 A A A B 44
Y Rz B B0, A2 /N 2 AR T AR A 2

S=n, (20)
SRAT SRR A%, DL SRAE 2544 18 1 RO E

, ,
-

D

—

5 HRIOT- i i T AR A

Fig.5 Area calculation of the extracted plane

2 S Hr

R TR P B Ak A R, 2 ) e OB E L

TR T PR SRS RIS TR R A AR
A5 100 J7 80 57 J7 1R 5 < BEAL (81 6b T ). i
W Y IE Bl IE A 5 i, XOIE Rl R IE AR D7 1], Z 1F Sl
e B ST T AR 6 A TR AT AT R L 43 R
0°/0°,0°./180°,90°.~90°, 90°./90°, 90° ~180°, 90°
2180, [FJ#, 57 J5 44 6 4~ - 1H Y TE AR R 1 m®, Al
4342 r A 0.56 m.

R BT 42 07 2, AT LA A sl i iz sy i T
T 6 AT T K ) R — B O T T R RE 9 25
o, LUAE F ] #4643 B Cln & 6¢ BT 7R ). SF Tl P2 R A
SRR R A R R PR | SRR X T AR e
ST KO | T 4 T 9 U0 0 S 1 bR S E S (58
LB ERCERARTE — AR 25 R R il B
FE RN 08 B A A T4 % (E R g R TR i) a5 22 28 Ry
0.357%.

22 wmEZ+THEIZHE

Bl KA 2 m A9 = AR AL Cn & 7a f
) [RVRE b, 25 SF 177k K ROSE T S A9 . B
1 34 KR 2 m B IE = fIE ol £33 bR HE 20 1A
A THT B0 45 R IR 2 AR R 0.742 m. FE T AR 2R A
100 3 B S AR S =B (A0 ] 7b Fr s ) . AR 4
I 7N D= ) B B 1 N5/ gt By
AT, 4 A S B ML T B, DA AT Ak
A3 AT TRV 35 O v 6 A T 54T A R T A b
Can & 7 frm ). ¥ @ SRS S X 6 4 i
(R 77 R R0 S 5 2 A2 5 BB A UEAT LR L S Rk 2
RN 1 I G e 1 TR 2N € LI s B 8
F14 S T 77 PR R R 25 R A 0.91°, A sk AR R Y
WEHA LA 1.078% , 1R 2208 K F Fr il 7.
PO B T IOB IR T S 2 4 UNR 22 B 2 1K

6 (a)srJ5 MARAL; (b) 37 5 Mt AL 5 (o) 57 J7 PR T U1
Fig. 6 (a)Cube Model; (b) cube point cloud Model; (¢) identification of cube plane



57 MR S5 B T RO R B R0 A S A T R A 2357
F1 AAEFEILAGERERR
Table 1 Extraction of geometric properties of cube plane
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Pl 8162 90.00 180.00 0.983 0.559 0.179
P 2 8134 90.00 90.00 0.984 0.560 0
Ffi 3 8109 0 180.00 0.979 0.558 0.357
T 4 8120 0 0 0.981 0.559 0.179
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V-1 6 8121 90.00 0.00 0.982 0.559 0.179
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T ;; P ) WEC) PRERC) R %&”ﬁ(j: é %ﬁ;ﬁifu
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i 2 3498 54.74 315.00 0.26 1.710 0.738 0.539
V13 3626 20.90 360.00 0.90 1.748 0.746 0.539
14 3463 69.09 90.00 0.91 1.694 0.734 1.078
T 5 3538 69.10 270.00 0.90 1.711 0.738 0.539
-1 6 3599 54.74 225.00 0.26 1.753 0.747 0.674
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Fig.12 Discontinuities identification of Riquelme
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Sk TE PR BT A M B AR R 3 A5 AR R,
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Table 3 Comparison of discontinuity orientation data be-

tween Riquelme and RDD

(L~ TD 41 F0F- 187 51) , 77 4R 5% 28 R ALAE 6° LN, 3% gg Riquelme PIRHEZERC)  RDD PR HE 465 () %{f
A IR B n 246.24/39.02CF- 1 11)  244.54/38.60CF-1 11)  0.42
H T Riquelme ez al.(2014) I B A7 155 45 14 1t JI 256.86/52.30CEW 12)  77.52/52.94(FM 12)  0.64
B RSE, Rt T 2 O ik B &85 4 T RS AR A R T 70.26/35.80CFT 13)  250.37/35.83CF@ 13)  0.03
52l 5 = A BB CAD B LS R EITXT . £ 4 T 252.68/35.48(Fif 14)  251.60/34.00(Fifi 14)  1.48
S TR B E R gt g gt ) J1I 249.74/35.91CF i 15)  250.24/36.12(F 1 15)  0.11
B RDD 8 57+ 20 25 #  1f BL CAD fiy 3 2 i 2 J1 70.47/35.92CF1fi 16)  70.23/35.72(F1i 16)  0.24
AT — B iR 25 KR H 3 0.278% . F JI - 255.12/32.72CF W 17)  251.61/36.00CFif 17)  3.51
PR S T 22 314 K 7 % . RDD 3805 1 B i 4 T J2 339.47/83.25(F 1 21)  334.90/81.72(°F-i 21)  4.57
ey J2 166.33/76.58('F-Mfi 22)  346.15/72.81(CF1fi 22)  3.77
o J2 160.20/89.86(*F-i 23)  338.01/89.08CF-Ti 23)  1.22
3 éﬁi@ 12 173.55/76.85(Ffi 24)  353.81/76.58(F-ifii 24) o.zi
J3  136.59/82.58CF Wi 31)  135.12/78.43CFTi31)  4.15
SO I T T 2 O S K G T 3 131.25/82.67CF1f 32)  317.69/87.73(F-ifi 32)  5.06
B } ) X . J3 143.91/89.70CF i 33)  327.33/89.84(Fifi33)  0.14
AR ik 2R RGP (DR J4 97.55/63.22(F i 41)  99.30/68.12(FMi41)  4.90
i 2 TR (35 o 5 (2) 2 T B0 Ransac 5534 (1 °F 14 91.07/50.19CFW 42)  92.60/48.67CFii42)  1.53
T 45 B 5 (3) 35 T Bk F Graham 79 80 V5 09 25 #6) 1 31 T4 96.64/47.97(F- W 43)  96.59/48.04CF- 43)  0.07
FURE A A 22 5 (4) JE T ) & RN 25 4 T i BT 35 123.42/76.15(FME 51)  125.63/81.94(CFi51)  5.79
A AN RN 31 N 5 105.75/69.94CF1f 52)  106.90/70.43(F1Hi 52)  1.15
BN ORI 2R S R
%4 CADHMRDDWMZEMERTITHELERITLE
Table 4 Comparison of discontinuity dimension data between Polyworks and RDD
S5 4 17 21 CAD 57 # (m?) RDD 35 Hi 2 (m?) CAD I RAF (m) RDD 35 R (m) RAFRZER(Y)
n 15.300 OCF1i 11) 15.321 7(*FM 11) 2.206 8 2.208 4 0.073
n 0.435 2(3F1 12) 0.434 1CF1m 12) 0.372 2 0.3717 0.134
J1 2.864 1(°F-Tfi 13) 2.863 6(F-Ti 13) 0.954 8 0.954 7 0.010
J1 23.321 2(°F- 1 14) 23.339 8(F1fi 14) 2.724 6 2.7257 0.040
J1 1.176 8(F1fi 15) 1.174 9(F i 15) 0.612 0 0.6115 0.082
J1 5.935 9(F-1fi 16) 5.938 9(F-1fif 16) 1.374 6 1.374 9 0.022
il 18.430 O(Fifi 17) 18.429 2(°FIfi 17) 24221 2.4220 0.004
J2 1.355 2(F i 21) 1.351 3(Ffi 21) 0.656 8 0.655 8 0.152
J2 0.913 8(F[fif 22) 0.918 9(F-ifi 22) 0.539 3 0.540 8 0.278
12 2.102 O(CF- 1 23) 2.107 OCF-1i 23) 0.818 0 0.8190 0.122
12 4.199 6(°7- 1 24) 4.194 6(T-1i 24) 1.156 2 1.1555 0.061
3 5.380 OCF-1i 31) 5.376 OCF-1 31) 2.212 6 2.212 3 0.014
13 1.005 9(F- 1 32) 1.002 8(°F- i 32) 0.565 9 0.565 0 0.159
3 2.134 8(*F-1 33) 2.130 8(*V-1 33) 0.824 3 0.823 6 0.085
J4 1.170 OCF- 1 41) 1.170 OCF- 1 41) 0.610 3 0.610 3 0
J4 6.971 6(F-Jfi 42) 6.976 5(F-1fi 42) 1.4897 1.490 2 0.034
J4 2.933 3(F- i 43) 2.930 3(F- i 43) 0.966 3 0.965 8 0.052
15 2.955 4(F 1 51) 2.951 3(F-1fi 51) 0.969 9 0.969 2 0.072
J5 8.485 6(°F- i 52) 8.491 1(°F-1fi 52) 1.6435 1.644 0 0.030
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