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Spatial resolution enhancement method of cavity 3D laser scanning
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Abstract: Underground metal mines cavities were serious threats to mineral resources exploitation and the
surrounding environment of mines. Useful points’ spatial information about cavity shape could be gotten
from 3D laser scanning detection precisely, which had become the main method of cavity accuracy
detection. Traditional 3D laser equiangular scanning has its disadvantages of uneven spatial resolution and
low efficiency. With the analysis of the irregular characteristics of mined —area, a 3D laser spatial
resolution enhancement method was proposed. The formula of calculating the distance between the spiral
line and the scanning trajectory was derived. The experimental result of points cloud verifies the
efficiency of the new method, which improves the spatial resolution of the 3D laser scanning, and
provides a solution for the high accuracy acquisition of 3D shape in the mined—area.
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Fig.3 Side view of spiral spacing
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Fig.6 Results of different scanning methods
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(b) Point cloud distribution of XZ plane in axial priority method
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Fig.7 Point cloud distribution results of XZ plane with

different scanning methods

1006002—-4



oGk T2

www.irla.cn

% 10

% 46 %

R1 ERAMESPRILEF EABM LS
Tab.1 Comparative analysis of equiangular
scanning and resolution

enhancement method

Time/ Standard
Method Data ln?e Grid a1.1 Z,ir
min deviation
Radial priority 116 540 5 4093 215.87
Axial priority 105 909 5 3685 178.49
Spatial resolution . . i
145 463 4 5839 93.88

enhancement

2 [0 73 HEA TSR IR A A S R S AR i A
SeREIE N 24.82% , LA AL e 08 A0 37.35%,
UG 45 53R W] 25 (0] 3 B3 9 080 B0 0k P A AR R 8
DXt BRI, B S [ B

4 4 it

(1) XL G2 = 4 ot H I & 7 AR N 2
E] 73 BRI A [, R TR s X = 4RO 2
B 53 B3R B 5 i, e B T Sk S M AR HE S T M
AN R RN

(2) 3 1 2 BT SE B Ll 1) A5 2 B 4 A6 1
O, B UE T 25 (8] 43 B 3R 1 0 B0k (0 A 0k 43 4 AN
2 B0 LA B 45 F Ik A AR Tl AR S A X G n
24.82% , LU A ) L AE L8 I 37.35% , & TR
25 X 25 ) A HE R, s IR T RE R L H AR i R A
S SR RS DX = MR A = R B AR Ut T A e

%,
B3 30K

[1] Liu Xiaoming, Luo Zhouquan, Xu Jicheng, et al. Resources
extraction planning model of large —scale mine and its
application[J]. Journal of Central South University (Science
and Technology), 2014, 45(8): 2812—-2816. (in Chinese)
XNEHT, B4, R, 5. KA X IR T R 1 ) 8 A
i 57 KRR RTI]. Hh e RS (B AR BHERD, 2014, 45(8):
2812-2816.

[2] Xiong Lixin, Luo Zhouquan, Luo Zhenyan, et al. Data
amendment of abnormal point cloud of goaf by laser scan in
deep complex environment[J]. Journal of Northeastern University
(Natural Science), 2014, 35(3): 438—446. (in Chinese)

RESLHT, P4, W Uik, 55, IR AP0 R 2R 2 KDL

[3]

[4]

(5]

(o]

[71

(8]

(9]

1006002-5

PR E ST BIRBIED]. RILRFH AR, 2014,
35(3): 438-446.
Liu Xiaoming, Luo Zhouquan, Xu Jicheng. Simulation
technology of dynamical destabilization of disaster cavities in
metal mines [J]. Journal of Central South University (Science
and Technology), 2013, 44(9): 3793-3799. (in Chinese)
XIWEW, 24, IRa . &RV RAEs X AR R
PrEH AR R (AARARD, 2013, 44(9): 3793
3799.

Xiong Lixin, Luo Zhouquan, Luo Zhenyan, et al. Point
cloud merging and compression of complicated goaf using
multi—point laser—scan [J]. Journal of University of Science
and Technology Beijing, 2014, 36(9): 1136-1142. (in Chinese)
RESLBN, B4, Wik, 5. B2 Ra KEOLZ S8 &
Mo BHESHE U] B R 4], 2014, 36(9):
1136-1142.

Chen Xin, Wang Liguan, Bi Lin, et al. 3D modeling
algorithm for goaf based on point cloud data [J]. Journal of
Central South University (Science and Technology), 2015,
46(8): 3047-3053. (in Chinese)

WRik, B4, Bbk, . 3T 8 S8R IR A X =
BYED]. TR R (HRFHEMD), 2015, 46(8): 3047-3053.
Wang Li, Li Guangyun, Yang Xinyong, et al. One —site
calibration of mounted parameter method for 3D mobile laser
scanning[J]. Infrared and Laser Engineering, 2016, 45(11):
1106005. (in Chinese)

Fh, B E BEUK, F B ERBOCANRR L ES
B—uh=UARE D). LA S5HO0E TR, 2016, 45(11): 1106005.
Cao Ting, Wang Weixing, Yang Nan, et al. Detection
method for the depth of pavement broken block in cement
concrete based on 3D laser scanning technology[J]. Infrared
and Laser Engineering, 2017, 46(2): 0206006. (in Chinese)
L EEA, B, . ET =4O R i B

HE
MOEBEREI[T]. 2040 58OE TR, 2017, 46(2): 0206006.

=

Zhang Da, Yu Lewen, Yu Bin, et al. Adaptive resolution
measurement method of 3D laser scanning [J]. Mining &
Metallurgy, 2013, 22(4): 1—-4. (in Chinese)

Rk, AR, A, A R F T B = 4RO
M EITED] 976, 2013, 22(4): 1-4.

Luo Zhouquan, Luo Zhenyan, Xu Hai, et al. Key
technologies of 3D visualized integrated system for cavity’s
laser —scan information [J]. Journal of Central South
University (Science and Technology), 2014, 45(11): 3930—

3935. (in Chinese)



% 10 21

sroh gk TA2

www.irla.cn
—

% 46 %

[10]

[11]

[12]

B4, B oisk, i, FORE KEOCHME S =4
EMRGIF R CBE AR (1] PR RF (AARFER),
2014, 45(11): 3930-3935.

Luo Zhenyan. The research of goaf’s 3D visual system based
on CMS detection [D]. Changsha: Central South University,
2010. (in Chinese)

Bt gk, T CMS AR 23 X = 4k n] AL RG0S
[D]. Kb HHEIREE, 2010.

Zhang Yaoping, Peng Lin, Liu Yuan. 3D modeling
technology of cavity based on C —ALS detection and its
engineering  application [J]. Mining Research and
Development, 2012, 32(1): 91-94. (in Chinese)

FRBET, AR, XL FETF C-ALS SR 48 X = 4k f A
PR B TRERIBESE (3], Al WE5E 50T &, 2012, 32(1):
91-94.
Zhou You, Zhao Ruhui, Ding Xinpin. Research and
application on three —dimensional visualization for goafs in

open—pin coal mine[J]. Mining Research and Development,

[13]

[14]

[15]

1006002-6

2014, 34(5): 87-88, 94.. (in Chinese)

e, BORE, T # A ARERRE R A X =i AL 5
SR B ST R, 2014, 34(5): 87-88, 94.

Yu Lewen, Zhang Da, Yu Bin, et al. Research of 3D laser
scanning measurement system for mining [J]. Metal Mine,
2012(10): 101-103, 107. (in Chinese)

IR, KK, A0, S T = AEROGHH A R MO
HI1. &EH 10 ,2012(10): 101-103, 107.

Yu Lewen, Zhang Da, Lu Desheng, et al. Study on the
technologies of 3D laser scanner for mining [J]. Mining
Research and Development, 2015, 35(4): 71-74. (in Chinese)
AR, K3k, RS AE, . 0T S 4EROGHR OB AR
W] AT ST &, 2015, 35(4): 71-74.

Chen Kai, Zhang Da, Zhang Yuansheng. Point cloud data
processing method of cavity 3D laser scanning [J]. Acta
Optica Sinica, 2013, 33(8): 0812003. (in Chinese)

BRL, skik, JKkooH. R K =4O H R = 80 b
R[], G224, 2013, 33(8): 0812003,



