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Variable-Box Segmentation of a Three-Dimensional Point Cloud
for Automatic Estimation of Discontinuities in Rock Mass
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LIDAR (Laser Imaging Detection and Ranging) detects a rock mass surface as a point cloud, and three-
dimensional configurations of the rock mass can be obtained from the point cloud. In previous studies, algorithms
to estimate discontinuities from a point cloud have been developed. In those algorithms, it is necessary to determine
geological parameters in advance. DiAna(Discontinuity Analysis) is a Matlab tool which was developed for geo-
structural analysis of rock mass discontinuities. It is a semi-automatic tool. DiAna segments a point cloud into
bounding boxes to estimate the surface of a rock mass. However, an expert's skills necessary to determine the
appropriate size of the bounding boxes for DiAna. We developed the VBS (Variable-Box Segmentation) algorithm
to determine the appropriate box size depending on the location of the point cloud and to estimate the surface
of a rock mass. The VBS algorithm consists principally of three processes: large box segmentation, small box
segmentation, and merging. The small boxes are merged to obtain an appropriate box size. The surface of the rock
mass is estimated using the point cloud in the box. The performance of the VBS algorithms was evaluated using
point clouds obtained by a geological survey. For evaluation, we estimated reference rock mass surfaces manually
using the point cloud and geological sketches by geologists. Similarities among the respective reference surfaces
and the surfaces estimated using the VBS algorithm were measured. Similarities among the respective reference
surfaces and the surfaces estimated using the DiAna algorithm were also measured. The similarities among them
were compared using standard competition ranking. The results of comparison showed that the VBS algorithm
estimated planes more accurately for the reference planes than the DiAna algorithm. Therefore, the VBS algorithm
determines appropriate box sizes automatically depending on the location of the point cloud and estimates the
surface appropriately.
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Fig.1  Algorithm of DiAna. (a) The point cloud is segmented into cubic bounding
boxes. When the point cloud in the box is considered to be noise, the point
cloud in the box is removed. (b) A plane is estimated so as to fit the point
cloud in the box. (c) The estimated planes are merged when they have
similar normal vectors.
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Fig.2 (a) The case in which the point cloud is segmented into three bounding
boxes with appropriate sizes. (b) The case in which the point cloud is
segmented into one bounding box with a larger size. (c) The case in which
the point cloud is segmented into six bounding boxes with smaller sizes.
The three planes in the lower boxes and a plane in the center box of the
upper boxes are estimated inappropriately. Colors are assigned to the planes
to improve visibility.
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Fig.3 Flow diagram of the VBS. (a) In the first process, point cloud is segmented into large bounding boxes.
(b) As the second process, each large bounding box is also segmented into nine bounding sub-boxes. (c)
shows estimated planes from points in the bounding sub-boxes. The same color is applied to the planes
whose normal vectors are similar each other. The bounding boxes are merged when their normal vectors
are similar. The plane is estimated from the point cloud merged bounding sub-boxes as shown in (d).
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Fig.4 Coordinate transform of point the cloud obtained from a gallery wall into the coordinates

of a rectangular parallelepiped.
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Fig.5 (a) The point cloud is segmented into bounding boxes with sizes of (L, M,
N) for the x, y, and z coordinates, respectively. They are large boxes and one
of them is shown by red frames. (b) The large bounding box is divided into
tiny boxes to remove noise.
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Fig.6 (a) Discontinuity sketches by geologists for No. 54 gallery. The sketch consists of three parts: left wall,
face, and right wall. Red lines describe discontinuities. Red broken lines in the face describe discontinuities
which cross scanline and get up to the wall. (b) The sketches of the left and right walls are described in the
upper panel. Red rectangles indicate discontinuities. The middle panel shows the parts of the extracted point
cloud. The lower panel shows the sets of extracted point clouds. The figures are the sketches collections
provided from Mizunami Underground Research Laboratory and these were partially revised by authors?.
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Fig.7 Estimation of reference planes based on the point cloud and
geological sketches manually. (a) shows the original point cloud.
(b), (¢), and (d) show the processes to estimate a reference plane.

T, BB Bop MY & BNy 2T & AV L
TWBIE, [ OVEMRO 2 A EEREDS 112U <UEDy, &/
DI HEFE LS O HH DI |Byps U Bley - Boharel b 0 \ZHEAT <+
ROLIMETICEENS MBEL LT BT, BRBED 7 7
AL EFL LT AN VBS ICE W fEE Szt BExbn5,
P T, BRI _TRIENT-TZ 1 OO EESZ L bl DR
SHEELTHY, ZON L0 SOME HHEEL L TV 505
WD, Lo T, 040 LD EORESITIE EHOBEMERE <,
BWOECEBMEMENE EZ bND, TIT, L MOBEEEE
B LAREn 2k, i 2T (1) RIS L BIE@RO =241 v
Bl dlos 2 HHIE Loy Z OWMERO 244 V%, &% 3kiE
SUCBT BE OB & Lz, B8 E, Ap ol bitke,
&g BB OYH L AEURAECERL LT 2L & 2 2
THEH L, ZOR, 2EEEE LEERM A B2 L, 4L
b D3 |2h -2l D 99.73% 1E 43k 3 LINIC D T kb,

|-ze-z]
ni= 3
0

if|zL -7 <3

others

TR 2Rk T-,
PLEX Y, &2 ARGt 3 2 B SIM %, s o8k

1

ol LT, A3LERITB T Dl OMEELE O E

Iy -
SIM:;zni'déos

i=1

TRDI=,

WIZ, DiAna (2332 3 DOMEL ( SRED ST TR 0] -
A RBRE B/ TRIBIC L DWHEE ) 2175 7 n 77 AaERkL,
ZoTv T ATHIE L E S i E O TOBELUEEZ (13)
RUITTHH L=, %2, VBS TOMELLE & DiAna TOMHEE
R U-, F£7-, FRFEN ORI A T SR %A ParaView
FRlZFARL, A CEGHE 2 HB] L CE ORI A ik LTz,

REAE, AT E0Y, REgiEIL [KEES - 7V
77Xy b OFTRET D, TA7 7y ME, BEEELE —
M CAERERIZE D Y CTHRFKEICH LT, FIEIC ABC
LEY YT D, BilZIE Fig. 612 5 X[ No.54 DA 01 (%
54-A, A 08 1% 54-B, AR 121X 54-C 70D, EBRT
AWK TORE X1, KT T02X02X04 (m), M/ T
T 0.02 X 0.02 X 0.02 (m), /& T T 0.067 X 0.067 X 0.4 (m) %
Wie, KT OPME ISR ORITIC L Y E 72, DiAna T
T A4 Xk, KT ERISOREESTHS02X0.2 %02 (m),
PRI DY A X0.1X0.1X0.1 (m), Me&FLAEDRKEET
7% 0.067 X 0.067 X 0.067 (m) D3 >DH¥A XZ&Hi-, LLTFE
N1 DiAna_L, DiAna_M, DiAna_S &9 %,

4. F& E3

XU IZ, VBS THEE Lz & SR & OFELLE &, DiAna
THEE L7z & 2 i & oFlED 7 Z 7 % Fig. 8 12777, Fig.
8RB L, %< ORMERH T VBS (F) BEEIIHE L, K
T DiAna_M (#%) & DiAna_S (JK), DiAna_L (#) DOJE L 72>
TWiz,

41 DEAWICLDELEOTHEICES T E2HEEEDHE

%9, Fig. 8 1T L= BB O FEMEICH B A=V D D,
N 2 B o THER LTz, ABFZE T, 1 DO Rl
BWTHIE SN - & S & @R 0ELEZ, 5150
FHEMPOEONIEARE A LT, Ko, ZER 1D, KUEHR
VBS & DiAna_L, DiAna_M, DiAna_S @ 4 ->, 4L 5 o sE L
TS LT D g E SO (KRR L) 2 FEIT LT, 7Rk,
BRI TN TR D, IR HEGEH & ARG,

0.9

0.8 |

0.7 |

0.6

05 |

04 |

0.3 HHE

VS
8-vs
55
v-55
855
265
a-ss
355
365
955
v-95
895 |
3-95
a-95
3-95
395
VLS
8-5
315
a-£s
345
345
o945
v-8s
8-85
3-85
a-8s
v-65
8-65
3-65
a-65

v-09
809 |
3-09
a-09
309
319 |

@
e
>

8-19
219
a-19

Fig.8 Bar chart of the SIMs. The horizontal indexes are discontinuities of the respective galleries and the vertical axis shows SIMs. The blue bar indicates the SIMs of the
VBS algorithm. Yellow, green and gray bars indicate the SIMs of the DiAna_L, DiAna_M, and DiAna_S algorithms, respectively.
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Fig.9 Stacked bar chart of the ranking of similarity among VBS and DiAna
algorithms. The green bar indicates the rate of the 1st rank. Red, purple and
brown bars indicate the rates of the 2nd, 3rd and 4th ranks, respectively. The
horizontal indexes are algorithms.
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Table 1 Summation, average and standard deviation of the number of ranks.
VBS DiAna L DiAna M DiAna S
Number of Rank 1 28 7 14 15
Number of Rank 2 3 8 15 11
Number of Rank 3 5 9 8 10
Number of Rank 4 4 16 3 4
Summation 65 114 80 83
Average 1.625 2.850 2.000 2.075
Standard deviation 1.055 1.145 0.934 1.023
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Fig.10 Discontinuity surfaces of the discontinuity 54-A were determined manually (yellow polygons).
(a) The part of discontinuity surfaces surrounded by a red bounding box in a geological
sketch and a photo. (b-¢) The surfaces estimated by reference planes, VBS algorithm and
DiAna algorithms with boxes of large and middle sizes. (f) Planes estimated by the DiAna_S
algorithm. No surfaces were found in (f). Light blue ellipses show the parts of the point cloud
that generated inappropriate planes. Colors are assigned to the planes to improve visibility.
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