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Small-Scale Rockfall Detection Method Based on Solid-State Lidar for
Unstructured Transportation Roads in Open-Pit Mines
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Abstract To address the challenges faced in the real-time detection of small-size rockfalls in open-pit mines during the
transportation of ores using unmanned carts owing to suboptimal road conditions, intense lighting, and heavy dust, this
study proposes a method for detecting small-size rockfalls in open-pit mines based on solid-state lidar. The proposed
method employed a double-echo lidar for data acquisition, effectively reducing dust interference and extracting the driving
area in front of the vehicle. Subsequently, a ground segmentation algorithm (straight-line fitting) based on fan surfaces was
employed to segment the rough and unstructured terrains having slopes. Moreover, a hierarchical grid tree model known as
octree was introduced to enhance the efficiency of neighborhood search. Furthermore, the two-color nearest pair method
was applied to construct a graph, rapidly generating the clusters. Finally, the concept of adaptive clustering radius e was
adopted for clustering and obtaining the box models of small-size rockfalls. The experimental results demonstrate that the
proposed method outperforms the k-d tree-accelerated DBSCAN algorithm, increasing the positive detection rate by
9. 61 percentage points and reducing the detection time by 379. 77 ms.
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4.2 ZWHERSHW

Sk 56 UE BT 2 B 0 A RO L /N RS TR AR I i
P 23 TRLAh R B TR 3 8 R AR R L o R SE L
RS B2 43 o R T 4 O 5 R k-d R R 1 DBSCAN
. SEIG R B g S T Ak n 1] 8 RN AL 9 B s o

] 8 Sk BT 4R 38 % 1) 52 0 25 5L 1] 8(b) A — 4b T
K, RSk B BD R T K6 A0 7 RHE A 35 0E R RS I,
P 8 (c) ¥ IE F KL o P9 N %5 25 38 M Y S92 56 45

P 9(b) A7 P A T ke A1 — &b e A, 141 9 () R — b s,
RS Tk, KIEL R ik . WS R nl L&
e e A A A A BN A B JRIA LU
MR A KN R 20~50 em, ¥ A1 PR BUARXT 0N, 9
B A [ 5 W T ARAFAE , [ B A 1%t v 3 0 5906 0 A g
58 B 3 PR ) T S AV 1 AT R B R S SR
JHR: 5 RV A AR TR0 IR A AL BRSO E
5 FURB A W PR B A 2 T B — 0 20, 24 T ) O L R 38 1Y

0812006-4



E 6155 8H/2024 £ 4 A/BAENRBFEHE

| | I (C) I

K8 B ZiE H ¥ A KD 5230 . (a) 3 565 (b) ked B im 3 119
DBSCAN; (¢) T4 55k
Fig. 8 Small obstacle detection experiment on straight road.
(a) Scene; (b) k-d tree accelerated DBSCAN;
(¢) proposed algorithm
VoA AT AR AR /NI T L 7% A R e B I, S B0
HCAR M, T B Y R B 2 A G I IR
XF 45 B AT RE B 3 BT, R AG I 25 SR AT = 2R AR AR
AOTHIR o B — R AR Sy AR I B Y v A B R LT

(a) | I (C)I

P19 % 25 38 i vk A0 K T SE B . (a) 37 5 5 (b) ked AT B 1Y
DBSCAN; (¢) T f& 5 ik

Fig. 9 Small obstacle detection experiment on turning road.

(b) k-d tree accelerated DBSCAN;

(c) proposed algorithm

A1 SRR, BB R, S0 R e 5 5 A R R O R
I 21 14 Vi A RS BR LA A S, B U, SR
e AREL 5 5 =45 A5y SR IOk (4 20 A 1 R
A, S PEBR T TFRAE RN ER 1R

(a) Scene;

E RN €T R AR R S

Table 1 Calculation results of data indicators

Algorithm I’osit%\ie Err(?r. Miss‘u.i Positive recognition  Error recognition Clus.ter average
recognition recognition recognition rate /% rate /% time /ms
Comparison algorithm 41 11 11 78.85 21.15 407. 85
Proposed method 46 6 9 88. 46 18.00 28.08
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