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Abstract: With the increasing importance of underground space development in optimizing territorial resource allocation, the
limitations of traditional surveying methods in complex underground environments have become increasingly evident. This
study addresses the challenge of traditional methods in meeting high-precision modeling requirements for complex
underground spaces by investigating simulated mine tunnels and underground karst caves using 3D laser scanning technology.
Through data acquisition with handheld SLAM scanners and a comprehensive technical process including point cloud
denoising, registration, and modeling, 3D models of two typical underground spaces were constructed. The simulated mine
model exhibits a uniform and regular grid distribution, while the underground karst cave model demonstrates high-density
refined grid characteristics. These differences accurately reflect the fundamental distinctions between artificial mines and
natural caves, verifying the feasibility and practicality of laser point cloud-based modeling methods for different types of
underground spaces. The research demonstrates that 3D laser scanning technology facilitates high-precision 3D
reconstruction of underground spaces, providing reliable technical support for digital construction and intelligent

management of underground engineering.

65



F1H BEHEE % 43

Keywords: 3D laser scanning technology; underground space; 3D modeling; point cloud processing; digital construction

W8 5 Hb T 7 () R B $ T [E] —  J C ERT O o R i 15 Tt 2 WA P RS B R, bR TR B
TARSEH T S5 SR TS AT SR R e A E B A X TR E . MEE, WE
)4 SV B ) A T PR S S HE MRS 7 B v R0,

SRTM, bR AEMIBR M. AR A BUEME, SEE G REEE, YWl E B 55
oSk AR, ) L R B SR T R . ARG R A TR S A RSCRIK. B
BB, ML A ME SR S B AT, KRR B R BT R R S e
(¥ 75 2R21,

SHEBOCREEARAE N SR {5 EOREEIN I S AR, i R O W R T AR SR R
T S AR, B AR SR B S M . R AR AR RSB N I e BT R %, iR
BESHET G BN, BIM SR ARER, HWENESTHH S 2 G BAEL, AR, 6
B4 5 AN RIS — TR I BIR IR, A 7S P R A R R R S RS AA ER,

1 =Z#EBOEHEEEAR
1.1 =&BOLR#EEAREE

SHEBEOE A Z BRI AT ) — T AR, FAZ 0 — R T O I R B g A
f e TR BE A (s BRI, Z R Gl mEEOCHE R, Ash. YUl R B b kR i
EHEEMN ST AGEE (CORRAR. RFFEES), L Sz fRRirics, sgsd)s
Kb B ST F A A R [ R it = AR

FESREUAA fAUIBE RS S J5, H o FRS B Ml R4, D0 NI ZIEOE R K7
J7 A oI TE BT A . FHI, A — AN AR TR O 1) = 4 AR R(X, Y, Z) R AT 3 3 25 ) L fe]

fESEAT Y, BT RS B R 2 R GE R ok, R 1 .

4

X

i

B 1 RArAshnH R

Fig. 1 Principle of Point Coordinate Calculation
1.2 =#EOCHRMEORMA T T 2R B

ZHEFOCHR B A L 2R RS E R RE Sy, v N ARG TR SE B A B A,
AR TR T 5 2 VS AERA I ZBORIEE B ah e R S AL EE,  B2E 5T 1 W3R
R A e, SCHE T VB E S PO B S B2 S AR AR I S A AL N B3 g
et B fE G X I, A RIRBE I 2 224, FREVOIR 7 BESL . SRR A 1Al AR Gy 05 IS e T R RO HE RS 14t
BRI T Z B Saa N, RRE BTy S RAE R TR L BEE . TR S 2 Rl R A,
NS A AR 5 AR AR OB B SCHE L,
2 WMTEE=4#E#

66



F1H M e e O N ¥4

2.1 SEIR¥IEHER

BT FEIE BHE N AU I 5 R W R A R A (R E Sk Ee s, DAVl = 4EBO R
ANF R FERAEE S & N . B HE B A N U AS 5 N LA, WndsiE 530 i, 4%
HHAFETH R WA RRMGE ], JEasmmBE AN, Wil R 5 HR T 5

FeHE . XM, ARGV Z4EROG R EORTE N TE ML 5 RARAE S KA 3R

S B SR R E A P RS A
22 BAAEAREE

AHIF IR FH IR B 2 RGP R 5 7 MNEE R B AL B A B . A TARLE T s kb i ),
5 e BRI e U0 A3 A B A IR BB Bl O 43 i A SR BRI N JE £7 5 B R 2 ( Simultaneous
Localization and Mapping, SLAM) JRIGEHET. POV ACE B et B GG = AT B 530, B e
THE R R BEE AR RO, BEM S — . SRR = 4E S (AR AR . A ) Geomagic Studio
AR =GR, R AT A T RS FE SR 5 0 . AR R ZR ] 2 o
] VA oLl B Ak 2

| |
: Sl HE : : :
: ScHEA ) L 7 H !
: ..J' : | : ¥ |
! ﬂﬁﬁ& L . o THRER e R
5
| : ; |
: SLAME= :
| |
| |

| |
| |
: : Jg
| |
| |

B2 HEARAER
Fig. 2 Technical Flowchart

2.3 AhbEHERE

TETF R S B RARHT, B SeFa Xy H ARt 25 (B3 T B B, 240 LA 45 M) 15 BRI ARRAE
EESHE DRI T R AR T AR RN B A AR I N RO SR, B BT £ P A R
PR, LI R SLAM #UZsR 2 10 BAL % TRASE S 4 FE W R, R B
FA . EEE. BEMSE OCHE ORISR ). 2 M B4R M S 7 30, B ORORS AR AE 1 78 B hl 112
5 mESE,
2.4 PILEEEAFE
2.4.1 mis MR

FE M N 5 VR e SR AU B A6 R B, DR BR B 2 e P I A7 AE e 75 T 5 2 A
B AU SIS T BB R DL RS R R T ) 5 5 NS AS e A T VAR A
MR EER K. ZhiFEd. EVENEARNE, WEE AT EBRKEMEED, X ™E
SO G SR IS B S AT AR . RIRFHEIR R, WA RS S S AT R, B BRANE TS R 4
PR S o, RMERT e 5T L P 3 o

67



F1H BEREE % 43

B3 RoaERuTEx T
Fig. 3 Comparison Before and After Point Cloud Denoising
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Fig. 4 Point cloud modeling results
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Fig. 5 Analysis of Model Scale and Result Characteristics
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