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Abstract This paper studies data reduction of laser scanning to solve the problems generated by repeating of laser detection for
blind areas. Blind areas of single detection were avoided and data of sparse areas were densified by multi— point detection.
Distribution characteristics of point cloud data were concluded by topological relation of laser scanning track analysis. A more
efficient point cloud data reduction method, the side angle integrated method, retained the geometric characteristics of goafs proposed
in contrast to conventional data reduction, and the point cloud data of intensive areas were diluted. Through comparison of the 3D
model volume, reduction rate and other indicators before and after reduction, the verification results show that the method ensures the
integrity of boundary 3D information and the data reduction rate reaches 15%—25% . This method provides a new idea for laser
scanning 3D information reduction in complex goafs, laying a good foundation for the subsequent 3D modeling and application.
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Fig. 1 Distribution of the scanning trajectory
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Fig. 2 Multi-point laser scan for complicated goaf
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Fig. 6 Flowcharts of parameter’s selection

2.4 FEEHEE

1) AR5 CMS FREI SN i B8 1352 B XY Z 5080 SC A,
RS A BAAABIBIE A A s 5 B 5 oR A Xl
T 2y 2 A BRE LA SOZ S T ) R R 0

2) & SCHIGTE (— Rk SR 1 RVE i ia i) ;

3) MBREAFAEIL L, S5 Bl j ORI B j—1 A4, I
VEAFAET Ly, hefs i Pl j o5 FIVERS £ Pl j+ 1 S ARG 2, LR LI I
JefH0;

4) H% HRdre/ N B 1 SN]SR EL A A a4 A AR
PR A, 2 T A LR A, B B R N I B 1 A B . 2 Lose
H L>e,, WS i 1B ST A B I

5) TS R AR5 -1 g+ L6, £ 0>
&, RAE ST i B j s A A0 B A 5

6) A5 i P BF 7 AR I AR R A R 40 e D), D)
HE 5 1 BB B 7 MR 5



—t

FHE SR 2014,32(20)

www.kjdb.org

7) SERCEEA R B AR AT
8) KNG el Jo LR a5 = B SR A A

3 REPRT XBEIEIE

T E N R EIGS Z aJm T 1L, Z4ER A R T
VFEIARE ZRIR A5 1K, LLRERT 1 360SE K371 R 1], K2 [X i
R8s 1 33 CMSPosProcess 28 B 585 ixt 48 RO 5440 5 Ak
AR RERE U Y XYZ A% SO, 422 FR R/ N 8 vk R e Rk
FEXT AR FEATAL B . RS P AR 25 DOB M AR
BRI EE & ey, A5 AN TR R BCHORG T R5CR AR FR AR AT
W2, LRGSR UE 7 iR .

BARHRE R/ %

1 1 1

1 1

1 1 1
130 140 150 160 170 180
&/(°)

90 100 110 12

—=—¢,=0.10 m
——¢=0.25m
—4—£=0.50 m
—¥—¢,~0.75m
——¢,=1.00 m

RFRUEXT IR ZE/ %

N

90 100 110 120 130 140 150 160 170 180

&/(°)
B7 AEMsMoHEREEEREREIIRE
Fig. 7 Data reduction rate and volumetric errors before
and after reduction with different & and &

R S50 P, BB BE A LA R

1) e JUH— &I, B e 138, B rAs 18728 AR
Y NP RZE AR B 5

2) & HUEH—E W], B o, 38 K, Kt RS 1T 26 AR FR )
2 IR ZE A WEAR 5

3) & 200.10 m, & B[] %) BIAE I, B0 ARG fi % 4R
B 248 X 1R 22 FH 22 BB K 5 Tl e 4 0.50,0.75 B 1.00 m s}, Toig
A BE & WAT HUIE , BRI 04 KG 17 258 R BRI 4 X 15 22 A 22 4
BN,

SCIENCE & TECHNOLOGY REVIEW

& 7 AT AL, £,=90° B, B diE B RS R R ek, H Hfi e=
0.10 m.£,=0.25 m I, PRFR %26 X152 25 F I 7E 0.6% 1 , He =
0.10 m, £,=0.25 m BFECHE PR AT R AH 228K, 43001 R 0~15%
F15%~25% PRI AE SR R A i ULe 1 =0.25 m, £:=90°
] 8 MAFTESRIN X A9 22K 25 X HLe =0.25 m .£:=90° T ,
PG AT 5 A 0 AN L o 255 % R AR AR R 22
Me,=0.25 m, £,=90°HF , Kl ARG (A7 25 85 e T FLAARFR ) 2 %3
FEHN,

(a) @AY

B8 mEfEERRIILL

Fig. 8 Comparison of reduction effects for point cloud data

FAh HZT AR R T AR T 40 428 XEE 2T T 4
55, Me1=0.25 m,&,=90°0F , H1 &1 9 n] %0, Bk RS 1) K 5o /oA
15% , 5 KT 3K 30% , K EB 3 B A Hi A 1] 2 4 I 7E 15%~25%
ZIH)

FERICHRORG (87 58006 2 2R M TTEE T, PRS0 f5 i AR 4
XPRZEIEAT 30T (E19) , AT HWARFRLE X iR 2 FE Hl 2 0.6%0 2 N,
FEFVETE I, PRI SR o7 FH Y e1=0.25 m, £:=90°,

3257
30.0
275 |
25.0
225 +

BRI %

20.0
17.5

150 - ‘ . , .
0 10 20 30 40
RE X

0.6 -

0.5¢

0.4}

0.3

PRRRERS R/ %

0.2}

0.1

0 10 20 30 40
RE X

B9 20/ =XEHREIEER
Fig. 9 Verification of data of the 20 goafs

57



—t

2,

www.kjdb.org

¥ SR 2014,32(20)

SCIENCE & TECHNOLOGY REVIEW

4 4ig

FESTTIRAT ) 55 25 BN 7 ik (R Btk 1 4 0 T — b
EHATEAEEE MO R RE XS B Ek. &
232 FH /I B8 T o 2 B A TG 17, [ sl il P e K
JE X SR 25 X A B AR E A TR

1) DIAREUY XYZ kg B iz BT 4 5T L%
SRS TR R R R A I Y T AR T,
SEELT RS KBRS RIS . SR, A B R
PEFRERE , SEEL T 5 2R 25 X B BIH A 17 RIORS i e, ™
LSS X FEIA B2 4 MR T4k

2) X I TR R A HEVEA T T RIR S0 UE . i = Bl
R AT R AE U 15%0~25% RS T R TR, O i 2 At
SRASBAN G IR R R = 4R A — S E N . 2k o,
AN, BN JR ST a7t . e iR 17155 ik
AR , BEAR 403 Sz Wk 23 X BB 405, B SEBr T AR
FHAE, AT ABT LS R 25 X 0 3 Bl S 25 X i g I 22
TR B AR Y

2% 3k (References)

(1] 37T, ik, B a4, 55, GIRAT LIRS X 3D WOL M A L) 77
BT, 2006, 26(5): 16.

Guo Jiang, Gu Desheng, Luo Zhouquan, et al. A new technique of 3D
laser survey of finished stopes in metal mines[J]. Mining and
Metallurgical Engineering, 2006, 26(5): 6.

[2] Luo Z Q, Liu X M, Su J H, et al. Deposit 3D modeling and application
[J]. Journal of Central South University of Technology, 2007, 14(2):
225-229.

[3] B4, XUEHH, SRR, A5 RABER I = 4RI K MR AR nT #LAk
TR PRI REA R B ARRLERR, 2009, 40(6): 1732.

Luo Zhouquan, Liu Xiaoming, Zhang Muyi, et al. Stope 3D monitoring
and its mining index visible calculation[]J]. Journal of Central South
University: Science and Technology, 2009, 40(6): 1732.

[4] % Ui #%. HF CMS BRI 2R 2 X =4 n] AL R G5 (D). Kb P
K2, 2010.

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

[5] EREZ, %84, BEv, 4. CMSTEW LW RZ 2R ). A 64
J&: B ILIEBAY, 2009, 61(5): 53-56, 65.

Wang Guotao, Luo Zhouquan, Lu Hao, et al. Application of CMS in
mining safety[J]. Nonferrous Metals: Mine Section, 2009, 61(5): 53-56,
65.

[6] JH2, skTT 5%, ARSR, 4. HORL A B0 e th ks T k). Jbatan
T R4, 2010, 30(7): 785-789.

Zhou Yu, Zhang Wanbing, Du Farong, et al. Algorithm for reduction of
scattered point cloud data based on curvature[J]. Transactions of
Beijing Institute of Technology, 2010, 30(7): 785-789.

[7] Zhang K, Yan J, Chen S C. Automation construction of building footprints
from airborne LiDAR date[J]. IEEE Transaction on Geosciences and
Remote Sensing, 2006, 44(9): 2523-2533.

(8] JHlitl, MARERNI, BTG, 45, T/ \ SURTIAS A9 s 2 BOIAS i 2k s
[J]. BRI T/, 2008(3): 64-67.

Zhou Bo, Chen Yingang, Gu Zeyuan, et al. Data point reduction on
octree cube algorithm[J]. Modern Manufacturing Engineering, 2008(3):
64-67.

[9] HBIEAR, JEF-. T\ ORI 4 i ) s 2 B TR 7 ()] AR IR 22

. 2010, 31(4): 73-76.

Bl 58

Shao Zhengwei, Xi Ping. Data reduction for point cloud using octree
coding[J]. Journal of Engineering Graphics, 2010, 31(4): 73-76.

[10] JTHEER, X2, MRAEE, 45 ZRAL I MPLER0E Tk 8 25717

A D N R D). MIZRAEAR, 2013, 42(3): 331-336.
Kang Xiaochen, Liu Jiping, Lin Xiangguo, et al. Parallel filter of
progressive TIN densification for airborne LiDAR point cloud using
multi-core CPU[J]. Acta Geodaetica et Cartographica Sinica, 2013, 42
(3): 331-336.

[11] ZEJRUES, AR, IR, 45, 6T m e fi 1)l s BRs i S0 . &
G ELFAR, 2012, 24(9): 1980-1983, 1987.

Li Fengxia, Rao Yonghui, Liu Chen, et al. Point cloud simplification
based on angle between normal[J]. Journal of System Simulation, 2012,
24(9): 1980-1983, 1987.

[12] k8%, FRACAE, BRI, 45, 2200 s AL A 2 RO HE S TR A Ak 5 2

W5 2R, 2012(2): 43-47.
Zhang Hongfei, Cheng Xiaojun, Jia Dongfeng, et al. A study of
improved registration and compression algorithm of multi- vision
disorder point clouds[J]. Bulletin of Surveying and Mapping, 2012(2):
43-47.

[13] Reddy M B, Reddy L S S. Dimensionality reduction: An empirical study
on the usability of IFE-CF (independent feature elimination by C—
correlation and F- correlation) measures[]]. International Journal of
Computer Science Issues, 2010, 7(1): 74-81.

[14] Tris, BKRE, RN, 45 BT OO A BE O 22 2L R =5 IR = 8K
PERE T[], HOERPLF S5 ER253], 2012, 34(2): 106-110.

Fang Yuanmin, Xia Yonghua, Chen Jie, et al. Study on point cloudy
data simplification of goaf based on improved angular deviation method
[J]. Journal of Earch Sciences and Environment, 2012, 34(2): 106-110.

[15] BEIETE, 8 A8, SIS B = Edli iy A ol i a2 SRR BFE ). R
MU B TS B #2447, 2003, 15(10): 1293-1297.

Sui Liansheng, Jiang Zhuangde. Free form surface modeling with grid
cloud data[J]. Journal of Computer—aided Design & Computer Graphics,
2003, 15(10): 1293-1297.

[16] BAZERAE, B/l od. 30 1) TR rpvay£LAIR B i el 5 = A i o3 i E 5 ).
HAHURS A S THA, 2006(11): 45-47.

Chen Huiqun, Chen Shaoke. Research on triangulation method of
object surface with holes in RE[J]. Modular Machine Tool &
Automatic Manufacturing Technique, 2006(11): 45-47.

[17] ATk, HAR H . JE T AR AE A 2 B0 DA B, ok
e T2EH, 2005, 39(3): 377-380, 396.

Ke Yinglin, Shan Dongri. Edge—based segmentation of point cloud data
[J]. Journal of ZheJiang University: Engineering Science, 2005, 39(3):
377-380, 396.

[18] LA, TR 6, TkAask, 5. SO = AEATRIAG At P it 1 2 i A

RURPRE TR, TP EAZUT RIS 5 IR FEAL, 2011, 15(4): 648-
652.
Wang Fufu, Su Zhijian, Zhang Changlu, et al. A reduction method for
mass point cloud data in the three—dimensional denture construction
[J]. Journal of Clinical Rehabilitative Tissue Engineering Research,
2011, 15(4): 648-652.

[19] X Z, Sk, HIET, 5. lidar 15 2S00 I M Ak 500 46 7 (0.
MZaBL2E, 2011, 36(1): 90-91.

Liu Lei, Zhang Jianxia, Zheng Zuoya, et al. Grid compression method
in center of gravity for lidar cloud data[J]. Science of Surveying and
Mapping, 2011, 36(1): 90-91.

[20] /A, 22l B55E, 45 RRAELR B (4 A 280008 IS RORS TR 0.
HEEHLR S50, 2011, 28(8): 38-39, 75.

Ni Xiaojun, Jiang Xiaofeng, Ge Liang, et al. An adaptive simplification
algorithm for points cloud data with feature reservation[J]. Computer

Applications and Software, 2011, 28(8): 38-39, 75.

(% ERIR)



