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Abstract: The rock mass structural plane constitutes the weakest part of the rock mass. Accurate and efficient
identification of rock mass structural plane and extraction of characteristic information can provide an important
basis for the rock mass stability evaluation. 3D laser scanning technology can greatly improve the efficiency and
accuracy of structural surface survey; however, the current mainstream point cloud analysis algorithms exist the
problems that the edge recognition of structural surfaces is blurred and the accuracy of point cloud segmentation
cannot meet the accuracy of structural surface feature information extraction. Considering the spatial relationship
between the position of the point cloud of the rock mass structural plane and its neighborhood, the region growth
segmentation parameters were corrected by multiple eigenvalues. The KD-tree data structure was used to perform
the nearest neighbor search. The voxel was sampled, and the structural plane was segmented to realize the
extraction of the structure plane occurrence, spacing, and extension information, based on the normal vector
difference of the point cloud and the characteristic final value. The effectiveness of this method in structural plane
identification was also verified by indoor models. The results show that compared with the traditional Principal
Component Analysis method and Random Sample Consensus method, this method has a higher recognition rate
and accuracy in the same area among the 24 structural planes composed of indoor block models. It can not only
ensure the complete recognition of data in the complex and changing plane area, but also better segment the edge
points in the sharp position of the plane. Using this method, 24 structural planes can be divided into 6 groups, and
the corresponding structural plane feature information can be obtained. Compared with the actual measurement
results, the angle information error is approximately 1°, and the distance information error is within 1 cm. This
method identified three groups of structural planes in the Mangshezhai slope rock mass successfully in the main
stream of the Yangtze River. The method proposed in this study has a good verification effect on indoor model and
field slope, which can provide robust and effective technical support for the identification and segmentation of
rock mass structural plane.

Keywords: three-dimensional laser scanning; point cloud information extraction; region growing algorithmj;
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RV L S AR BRI . R 1R TRy
T XF &5 R TR 5 2R R 0 o B R Y 22 51, PCA YA 7E
AN TR AIE 25 A4 17 J1—024 3850 5 8k 3 K T Hough
2, RSD k& W 75 2% 10 47 76 77 BE By 1 J1—J3. J10—J15
H RS B IE T Hough 75, #8043 X 38 H: 2K F PCA
2, ARAE G IR 28 S Hough 4 3 5 X F Ji
R K4 O /1N B 25 K T J18—124, PCA 12231 Wil R f A%,
X T A7 AE — 5 AR ) B LA R A2 2 28 Ak iy - 1
X3, 415, J6. J9, 120 45, PCA ¥E M 5] i 1E 1 R B .
REAR

R 1 ARFEERREHEHIRR RFIAZERZE

Table 1 The comparison of the recognition rate and accuracy in the different methods

RPN 5K RPN SR P 2E/% U 2/ %
£ ali) s¥E e

RSD PCA Hough RSD PCA Hough RSD PCA Hough RSD PCA Hough
J1 6596 1047 955 408 37 73 13 84.1 84.6 93.7 99.4 98.9 99.8
J2 5726 936 822 397 6 10 3 83.6 85.7 93.3 99.9 99.8 100
J3 7 543 1911 1925 955 40 56 20 74.7 73.7 85.0 99.3 99.3 99.7
J4 3624 260 519 255 15 122 19 92.8 82.6 93.0 99.6 96.6 99.5
J5 4438 321 605 324 10 249 14 92.8 81.0 92.6 99.8 94.4 99.7
J6 3414 520 819 489 12 300 24 84.8 67.8 85.4 99.6 91.2 99.3
J7 1741 230 406 241 0 0 0 86.8 77.4 86.9 100 100 100
J8 1994 215 439 222 4 22 10 89.2 77.7 89.3 99.8 98.9 99.5
J9 2180 223 370 204 0 303 2 89.8 70.0 91.3 100 86.1 99.9
J10 6717 1769 1523 829 24 44 1 73.7 76.9 87.7 99.5 99.4 100
J11 6 680 1551 1423 781 39 76 8 76.8 71.7 88.3 99.3 98.9 99.9
J12 7362 1376 1382 707 35 85 10 81.3 80.3 90.5 99.4 98.8 99.9
J13 7223 1133 1108 891 0 0 84.3 84.9 87.8 100 100 100
J14 6378 1141 973 719 0 0 0 82.1 84.9 89.0 100 100 100
J15 7 602 2155 2 080 1032 51 93 12 71.7 71.6 83.7 99.1 98.8 99.8
J16 1 000 119 384 136 7 29 12 88.1 59.8 86.7 99.2 97.1 98.8
J17 1487 232 564 238 5 44 15 84.4 59.7 83.3 99.6 97.1 99.0
J18 1243 129 354 121 0 0 0 89.6 72.5 91.0 100 100 100
J19 1698 551 960 367 0 2 0 67.6 43.4 72.9 100 99.9 100
J20 867 159 491 166 0 23 0 81.7 422 81.7 100 97.4 100
J21 1077 170 423 178 0 129 4 84.2 48.9 83.2 100 88.0 99.6
J22 1543 329 689 305 0 0 0 78.7 55.5 81.2 100 100 100
J23 1395 224 501 206 0 0 0 83.9 65.2 86.0 100 100 100
J24 1052 182 360 169 0 32 0 82.7 63.3 85.0 100 97.0 100

HARKE, PCA 12 XU - H iR 51 5 71.23%,
HEHH 258 95.94%; RSD 17 ¥ iR 51 % 8 82.8%, 1 fff
K 99.7%, T PCA ¥ i Hough 1 76 AH [F] X 38 A
B 22 TR A R, [ B LA Y TR 2R (87.0%) il
HERR 2 (99.8%) o L HE R DL X 3k RSD 1A U 2%
5 Hough AT, BN SEHTE 2% 247, 40 J4—19,
J16—1024, (B 7F 3R 11 & 42748 Ak X 35 RSD 2 LU 4 IK

T Hough ¥ HE RN 15% Ze47, W1 J1—1I13, J10—T15,
Hough 25 1HUI BT £ FORGHE

PCA ¥ DL SR B T A sl BAL 1647 1 T 0045 5K
Y ] o, AN AE B 2 I UE T35 A B G v 43 S
VEHLH], 52 PCA IEAETHA bl BRKE 4B 4l B vh AN T
TS5 R T RS AE N, DT (A5 7E R B A A3 el
T SR W B, 1 S e R RO % AR A, e
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Table 2 Different structural plane groups and parameter statistics

RS AL
ol g i) BTN
PR SFEIE /em  TIIREREEE /om RS FHEEE/em  SPEIEEE /cm

Ji J1—J3,J15.J19  180° ~200° £ 88° ~ 90° 31.5 67.5 181°~202°2£88°~90° 30.3~32.7 68.4 190.1° £.89.4°
Ty J10—J14,J18,J23 150° ~ 170° £ 89° ~ 90° 122 71.1 149° ~ 170°£.89° ~90°  10.8~13.1 713 165.7° £.89.7°
Ty J17, 122 120° ~ 140° £ 89° ~ 90° 20.4 29.6 120° ~ 141°£.89° ~90°  18.7 ~21.5 29.4 130.9° £ 89.4°
i J4—1J6. 120 90° ~ 110° £.90° 11.6 433 90°~110°£.89°~90°  10.0~12.7 435 100.9° £.89.9°
Iy 17—19. 124 60° ~ 80° £.90° 33 15.2 61° ~ 80° £ 90° 3.0~34 15.4 60.9° 2.89.9°
Iy 121,716 30° ~ 50° £.89° ~ 90° 9.2 16.4 30° ~ 50° £.89° ~ 90° 8.7~9.8 16.3 41.9°/.89.5°
C, Cl 187.0° £ 1.0° 187.0°£1.1°
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Fig. 4 Identification results under different parameter setting
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Fig. 6 Stereographic projection of research area
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