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Research on an Adaptive Progressive Point Cloud Filtering Algorithm for Deformation Monitoring of Mine Roadways
Wang Lei', Zhang Jingjing®, Qi Junyan®, Ren Zhuli®
(1.School of Computer Science and Technology, Henan Polytechnic University, Jiaozuo, Henan 454003, China;
2.School of Software, Henan Polytechnic University. Jiaozuo, Henan 454003, China;

3.School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo, Henan 454003, China)

Abstract: Point cloud data of mine roadways acquired by three-dimensional laser scanning often contain noise interference.
Existing filtering methods struggle to balance point cloud data simplification with the accurate preservation of roadway
geometric features. In contrast, adaptive filtering can dynamically adjust filtering parameters based on the characteristics of the
original data, thereby providing a high-quality data foundation for subsequent roadway deformation monitoring. An adaptive
progressive point cloud filtering algorithm was proposed, which integrated an improved adaptive voxel filter and a layer-
constrained dynamic radius filter to achieve precise point cloud denoising. Specifically, the improved voxel filter can adaptively
adjust voxel grid sizes according to the geometric complexity of the roadway, effectively simplifying the point cloud while better
preserving its geometric features. The layered constraint dynamic radius filter optimized the dynamic radius parameters through
a layered constraint model, enabling the accurate elimination of residual noise. Experimental results show that, compared with
traditional voxel filtering, the improved voxel filter, and their conventional combinations, the proposed algorithm achieves a
point cloud simplification rate exceeding 92% while controlling the change rates of point cloud volume and surface area within
3%. It can provide reliable data preprocessing technical support for mine roadway deformation monitoring.

Key words: Roadway deformation, Point cloud denoising, Adaptive voxel filtering, Point cloud slicing, Layered constraint

LA = R g A e e A PR R A A k, HoRR
MEEBEDE T ILRE S IR 24l %%Hﬁkg
Il R E A S YUK MO IE R FF R a8 5 SR TR T Y 22 38, G A 2 B

0 5%

* I fe A #A:2025-07-04
ESWAB EHRK A KB A FERIIE (52204168) ; W 3 4 F LT R S5H#E) L350 CRHE MO % B35 B (252102321101)
EE RN T&977—) I g VR o, E3 NG 109 4 5 B AYBFSE TAE . E-mail: wlgjy@hpu.edu.cn
BAS RS KA A (1999—) 2 AT B e A, - R 9 A, 5 20 A 0 145 3 48 I W 9y i 9 BF 58 T . E-mail: zhangjjo8252023@163.

com



IE.F e AAE T BB NG gE RS ZERLERR]F LR E F4,.2026,46(6). 219

TR RAR Bl 4 KR S e W B Kk HE R T 5 [ A
AR TEAS Bp b T 5 1 g FREE . AR I8 W ) 4R T RN
F 2 I A AR KR, Bt B T
TR TR B8 R LA 7 4 %, A T8 ] o 1) R A 7k ) R
H 4 28 K5 HE R A 8 22 P W 0 & o 7 1 22 248
bR TN N E RN

SAEBOCH BRI A AR b o BER m R
FEAH P A, ] R O IO T A 2 3R T A e K 1X R
1 = 2 s () {5 B L S8 1 A% 48 B s I HOR R FR
JE Y ET AR TR I W bR i BOR B,
M TR AR % R 4R 0 O A 2 Bl 5 0k A7 7E
B RE N M P I R A ) o W PR AT SR
T2 fifR B3 R RE B R0 DRI o A Z00 6T MR 75 R A 0 U8
AbFEDE TG AE T o T 2 RO MR S R Y
HR AL R S S = £ W B T5 ¥ 5 1 R
Z DU FRAE R A B . SRR 4R —
ol T P8 e G 0l i e B P AR T s R R
PR = BT AC 85 S col o W 5 R AP N S 1
PRI AHIZ O B A A A T vy ot 5 Dl 3 I 1 R 2 A
BRBE . ST IS B X AL G B A AR IR I T R AE
A BRI 25 B I A7 AR T 37 W 7 e 22 I 37 A7 AL
s 2 0% 0 0] R, 4 D — b ek 3 A 2R AR I I
Do BT =8 4 N7 (ER T3 RV PN L A S NP i
WIEZERBE M, BRE L EIRA T T 4%
SENSONL B SV DO RC KR (AN IR S R AR S
(Density-Based Spatial Clustering of Applications with
Noise, DBSCAN) 5. i 5 XU i1 11§ ¢ 5 v , JF 52 BU M
SR B S B E 3E  JR EEAIL R AR TE R E 5T S
TR M AR R R S R IR

ZERAE, LR EW Iy YA G AR E AR 4y
Bl Ay 2 sk B, 56T ot AR WF ST 4 Y T — ik i
FOUE P 1 e, 8 o R A 3 R R B A
B b3 R 2 T 2= B AT AR R R T A B
PR 534 A s HOU ) 2 A R Y 3 S R AR 0
PO X = Y 43 J2 R 2 OB X R 3 A
FTE R TR R 7 0
AT RORRIE RN | S AL PP AR T A LT 54

1 7 HAEHERFE A

A AR T I 12 L m R HEK B N Bk
A S A T RE LA (1) 254 T o ARl U A 7
A R P A sl Xk L 3 XU R L KA
S B JR O . — E O  HRCE A R AR A

T v TR I 22 R M R ) R M R R R S AT
P, —BRRERE ER I NS, =4
WOCH R G0 F B (07 2 0 25058 5 45 I A B 5T A
LR TT A R L Fh T A I T T A B SR AN A T
AL ), < ) ] SRR 03 25 77 A AR iR 22, IR A
At — ., TR, A5 & 0
B Z IR PR AR, DR MRS 2 (UL 1(a)) F 2
G RRERRM T R AR T A RO,
B LA AH 23 ™ T A 2 B U AT 4R AT 1 0 o
TR PR &R a5 & I EOh 52 (LI 1(b))
SRR HEA B R R R AR X S MRS R B
FUAEE (A HIF AR S R = TS
5 S T S I FL LA R ARRAE

25 L RTIR A 5T A G TE P AR A S R
— IR I T 5 TR IR RN AR R 25 R BUW o
B ARSE 15 A A WL 1Ce)) s 5 — SR A5 7
T 11 1o 2 B TU A M, ok L M R B S 0 T T S Ak
T 22 B BRI T AR T W ) 3803 SR

)\ —“ ",

(o) fHtn R

(b) A

B1 BERzBRS

Fig.1 Noise in point cloud of the roadway
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Fig.2 Schematic of adaptive voxel filtering algorithm process
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Table 1 Comparative analysis of algorithm performance
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Fig.6 Visual comparison of point cloud processing between voxel filtering and improved adaptive voxel filtering
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Table 2 Comparative analysis of the performance of combined filtering schemes
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Fig.7 Visual comparison of point cloud processing with different combined filtering schemes
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