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Abstract; As the high-humidity, dusty and complex environment leads to the distortion of 3D
laser detection results for goafs in the underground metal mines, a device is developed to simulate
the complex environment of goafs and to carry out 64 groups of point cloud error analysis and
modification experiments with different dust concentrations and relative humidity. It could be
observed that with the increase of dust concentration and relative humidity ,the average error ratio
of point cloud data showed an "S" trend. In particular,under the condition of 30. 0 mg/m’ <p<
85.0 mg/m’ and 76.0% < w < 85.0% , the error growth rate of point cloud data increases
exponentially. It can be concluded that the p ranging from 0 to 5. 6 mg/m’ and the w ranging from
0 to 49. 0% are favorable for the laser detection of goaf. In addition,the error correction formulas
of point cloud are put forward for high humidity, dusty and complex environment. After the
application of test results to a gold mine in Fujian Province, the revised parameters such as the
elevation, the volume and the exposed area of the goaf are more practical, which proves the
accuracy of detection data.

Key words: complex goaf; three-dimensional laser detection; dust concentration; relative
humidity ; error correction
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Table 1 Dispersion degree of dust in metal mine
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Table 2 Experimental dust particle size statistics

A%/ um 1.6 2.6 6.5 10.0
S3 R/ % 45 35 10 10

8 FH A P IR 2% (R % 1. 7 MHz )
HE AR B AT 7 AR 7K 25 R AT OB SO I, 7K 5%
BiAE <10 pm. 2 FH A9 I 00 RE 12 S A0 2 i L
B} —40.0 C ~85.0 THIO ~100. 0% , A5 EE
351 0.1 CTHIO. 1% .
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Fig. 1 Schematic of CMS working principle
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Fig. 2 Schematic of the experimental device
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Table 3 Coordinate value of feature points

B Sl
X y Z

FRU T RR 0. 000 -0.025 -0.010
PRI K s 0. 000 0. 000 0. 000
A -0.995 2.621 1. 498

B -0.995 2.621 -0.615

c 1. 004 2.621 -0.615

D 1. 004 2.621 1. 498

E -0.630 -0.014 0. 695

F -0.630 -0.014 -0.615

G 0. 626 -0.014 -0.615

H 0. 626 -0.014 0. 695

TE: 3R A ~ HARFE R ED ] 2 7 S 06 2 256 1 45 T e

3) BCESCHRAE. TR AR B v I
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Table 4 Design range of dust concentration and
relative humidity

g BYRBTRVRIE/ (mgem ™) || 4 AEXT IR /%

= >, N, = N >
TOWETR O WELRR | YO BETR BE LR
1 0.0 10.0 23 49.6% 50. 4%
2 10.0 20.0 24 50.6% 51.4%
3 20.0 30.0 25 51.6% 52. 4%
4 30.0 40.0 26 52.6% 53. 4%
5 40.0 50.0 27  53.6% 54. 4%
18 170.0 180.0 60 86.6% 87. 4%
19 180.0 190.0 61 87.6% 88. 4%
20 190. 0 200. 0 62 88.6% 89. 4%
21 200.0 210.0 63 89.6% 90. 4%
22 210.0 220.0 64  90.6% 91.4%
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Fig. 3 Flow chart of data processing
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Fig. 4 Curves of dust concentration vs
average error ratio
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SLER AR B AR BRI p<5. 6 mg/m’
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X, R2S X = 2 OGN £ X 28 it i vk
JE F 0 1 5 LA p > 5. 6 mg/m? | R i)y o
Wl p=30.0 mg/m’ W, S0 BB . H T 85
US| 97 3 T SR L S 14 IR 53 24 T B ol oy 2
EREREE] 5.6 mg/m’ LIF.

SEA I EE IR Fe AR 4 B R Ry v
s = YR E KBS, 25060,
85.0 mg/m’ J o3, o Be Ul A R [ 2 I o vk

FERS 3R 22 L iy [l A 7 2 a Hh BUE ]
BIE S = B2, sl A th & i 4 fos, i
RREBIEAX N (4) k.
0.22p,0 <p<6.0;
8=141.046",6.0 <p<85.0; (4)
0.13 xp +34.73,85.0 <p=<220. 0.

K8 AE B EHIREL, % ;0 MIFENIAEE A
PR, mg/m’.
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Table 5 Value range statistical table of plane equations & normal points

A ) e BB R
I A -1 7
X y Z
1113551 154249 -0.615<z<
200 000 ~ 200 000 0.803 x (y +0.014)
- sx< -0. -0. sys2. >
7 m, 87962077 _ 0.995<x< -0.630 0.014<y<2.621 5 65 +
25000 000 0. 695
1113551 399357 -0.615<z<
200 000 ~ 500 000 0.803 x (y +0.014)
<x<lL -0.0l4<sy<2. :
H m, 1748298 313 _ 0. 626 <x<1.004 0.014<y<2.621 3 635
500 000 000 0. 695
1605197 1053473 0.365 ’igygé' 621) _5. 905
Lm, ! 002222 291233030 000 <x< -0.014<y<2.621 0.695<z<1.498
S ss 0.365 x (y —2.621)
1000 000 000 5 535 +0. 995
0. 365 >i(2y6—3§. 621) 1 gos
1053473 129577179 _ ' , ~
T m, 5000 000° T 400 000 000 =0 <x< -0.014<y<2.621 z=-0.615
0.365 x (y=2.621) ,  gos

2. 635
11 070 807 827 _

o, 4223887

1605000” ~ 10 000 000 000 = ~0.995<x<1.004 y=2.621 ~0.615<z<1.498
2.2 HAXEE R BRI 0 2.2.2 HRITEIE

2.2.1 LEGzER

ANV AR BE w 5 R 05 2= iR 22 1 S
KRMLWE 5 s, S = iR 2 S Rl
H AR w T 5 S AL TG . YA T
MR w<76.0% B, iR 2 H & KRS,
FA BRI RO R2Z AT 5. 0%
MAHXHEE w AT 76.0% ~85.0% I}, F-H4iR 2%
He & BRI B RBCR SO K | ik
F-HJURZE L 70. 0% 5 24 AHXHREE w =85. 0%
i, YR 2 b & K IR PR BRAIG , AR 5T 2k
PERIR . G [k, AR w JCPR IR 0
B, R4 1R 25 L & I PREEE 03 MAHXHE B w TG
FR 4% 30 100% B, SF ¥ 4% 22 th &t 6 FR 3%
I 100% .

SEEREE R YAHXHE B w<49. 0% i}, =
HEFOCHRM S 2 PR 2Z R 1.23% |, 7E LIRS
BN, 0] ZBE AT AR w AT 49. 0% ~
76. 0% B, = 4EFOGHNRG FE 32 HAZ i AR/ 1 24
AXTHEE w=76. 0% B, BRI B2 XF T AH X2
AR R R 2 B . ] I SR2S X = 4k
T 15 A X AH X W BE ) e N Y R ow >
49. 0% ,FEAEAHXTRREE w=76. 0% B, 50 5 i
IS RN BT 07 3 T R L B (1) 3 XU 1
B AR NR RS 49. 0% LAF.

RCEEA LI AT LS e JRIE 5 T 7 A X
TR TS = R 22 FE GB35, LA 49. 0% M43
TR AR AS TR)RE X R - 2058 22 He B [l 3
S BUE NS B IS B R 2, TG
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Fig. 5 Curves of relative humidity vs average error ratio

0.025w,0 < w=49. 0%

0=1 78156 " g3 43 49.0% <w<91.0% .
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AP WA B PIHERELL % 5w PRI R 1Y
FHXRREE % .

3 g A

FREER 41" 2005 4= 8 H #%7=, k%] 2014
I BIER BT AR 65 1 t, JE A X 2 24
T m®. W HHELEXT 416 FEEE 501 HBeas X
HEFTHRIN 4000 1 5 v AS T 0S4 0 DX 3 g A 24
R (PIME 7. 96 mg/m?® ) FAR X B4
(B R 72.0% ). ARFE (4) 13l (5) T
WREL S, I A5 a5 h 1. 43% #12.22%
BB TP RABAE S 1R 2508 1 AR | 17 X 25
X501 — 2 R 23 = B A TR 2208 1E. BRI
JE T HE BB RN 6 PR, a5 X BB e n 3
6 FIiR.

#6 501 -2 ERSHEHXILL
Table 6 Parameters comparison of 501 -2

ZH BIER] BIEE BRAEET  Ha2E/%
TiMbRm/m 518.23 518.47 518.52 +0.05 ~ +0.06
JENBRE/m  503.48 503.25 503.18 -0.05~ —-0.06
SEFRTAY/m? 310.29 324.73 325.13 +4.65~ +4.78
2 XARF/m® 766.37 820.47 821.14 +7.06 ~ +7.15

501 -2 25 X ThidAR i EFF 0. 24 m, JEAR bR &
TFE0.23 m, 55 X B FE ARG N 14. 44 m* | 55 [X
IRFHE A 54. 10 m’. A 4G 56 0T 75 45 SR 1 E wf

I H 4 %F 501 -2 25 XPEAT 138 KA bR 2 T A,
RERy 2B e v AR X B R 2 AR 409 B/
XF 501 -2 25 XA T HR.

Xif FZA 28 I RN IR bR 242 5 B 2 X R R
R LT—B, RME I J5 28 XA AL T A5
PPN ISUE S U

BIEE

> BIEW

E6 501 -2 FXHFNEEIREEERFXTEE
Fig. 6 Comparison of error detection models
before and after correction of 501-2
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IESCE 58 A 25 XSO 0 #5242 e
p JEEHR 0 ~5.6 mg/m* ; XL w S HH 0 ~
49.0% . H T 45 X BB, 187 SR A %50 38 IR
WS e, R AR T 0 8 AR R 24 e e B A 3
ZIA.

2) Bt Ay oA o de e B RV X B R R K
TR 5, 25 2R 22 H B B S R S K 2k
PRI E W E p<30.0 mg/m’ SAHXTIRE w<
76. 0% K, 18 2 12 22 1 K R0 2 30. 0 mg/
m’ <p<85.0 mg/m’ B 76.0% < w<85.0% K,
BRI K 2 p > 85.0 mg/m’
5w >85. 0% I, 5 25 1R 25 iR B AL,

3) L7 0 = BEIR 22 8 10 A AR
RSB S RO S B AR T TBIE,
P& TE S5 2R 28 X 30 b i | SR 4 XA BRURT R 258 X
THURR 22 2 T AR S S B8 A A S PR 0L
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