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Convolution Filtering Processing
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Abstract In this study, we propose a ground-segmentation algorithm based on a two-stage coarse-fine processing
approach to address the limitations of traditional LiDAR ground-segmentation algorithms, such as poor real-time
performance and threshold dependence for complex slope roads. First, the point cloud was divided into fan-shaped
regions, with the local slope threshold of each area being adaptively determined to complete the first stage of rough
segmentation. Subsequently, the point cloud was projected onto the RGB image, and “unknown classification points”
were obtained using an image expansion algorithm. Finally, effective points were screened out to perform convolution
filtering on the “unknown classification points” to achieve fine segmentation and to determine the distance threshold by
dividing multiple regions. The results demonstrate that the proposed algorithm achieves a ground-point segmentation
accuracy exceeding 96% for both flat roads and complex slope roads. In addition, the recall rates consistently maintain a
high level of over 95%. Moreover, the local slope threshold can be adjusted to achieve excellent robustness, and the
average processing time is 16. 57 ms, which satisfies the real-time requirements of unmanned vehicles.
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Fig. 1 Overall flow chart of the proposed algorithm
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Table 1 Segmentation results of the proposed algorithm in

different simulation scenes

Average
Scene P ecision /% P /% . g
consuming time /ms
Flat road 99.1 98.2 10. 34
Slope road 98.4 97.8 11.28
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flat road

complex slope road

12 PRk & B BAE A3 5 T R 20 HIBCR S (a) (o) S5 —BrBeai it s (b) ()5 B B4y
Fig. 12 Segmentation effect of each stage of the proposed algorithm in different scenes. (a) (¢) Results of the first stage;

(b) (d) results of the second stage
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Table 2 Segmentation results for each stage of the proposed e

algorithm in different scenes 3.3.2 5it4biikstik

Scene Stoge  Powin /% Pren /% f FFHE 7 5 Sk (6] - T 48L BY  k A S

latroag | Thefirststage  95.6 945 WKL 12 S 7 2 T M T 2% 0 B CR e 3 4

Second stage 975 %6.8 SN 13 BRI A 2060 B R DA

Complex slope road ¢ S S@ge 932 vz FRAE T K ] 13 (a) ~ () 3 3 1 3

Second stage %6 1 0.8 13 (d) ~ () Dy Z2 i i 1T 37 55, 151 13 () ~ (0) g BE

W7t SR 0 4R 14 R B T Oy s gy SR

flat road

gentle slope road

steep slope road

B 13 3MERAEARFZ S TS EIRCRE (a) (d) (g) k6] (b) (e) (h) SCHk[121H 3k 5 (o) (D (1) iy ik
Fig. 13 Segmentation effects of three algorithms in different scenes. (a) (d) (g) Method in Ref. [6]; (b) (e) (h) method in Ref. [12];
(¢) () (i) proposed method
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Fig. 14  Guardrail physical map
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Fig. 15 Segmentation effects of the method in Ref. [12] and the
proposed method when guardrail obstacles exist.
(a) (c) Method in Ref. [12]; (b) (d) proposed method
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Table 3 Segmentation results of the three algorithms in

different scenes

Scene Method P ecision /' Y8 Preear /' %0

Method in Ref. [ 6] 95.8 94.7
Method in Ref. [12] 96. 8 95.9
Proposed method 97.5 96.8

Flat road

Method in Ref. [ 6] 85.7 82.3
Complex slope road Method in Ref. [12] 92.4 91.7
Proposed method 96. 1 95.8

b T 43 ) 1 A A A M T
T A A Bl S A SR DR IR AT B 2 4 o R i X
R U B ) SR AT B, — A 2 KR A B
R 18] F T 1A 53k Al A B B L A SR FH Y 0O 7R Ok
KBS R R 10 Hz, SR 4 — WU 18] 24 100 ms. — Mk
g AR AR B B 5 (CRABE A 2 10 Hz) Y Hb 18 4351 b B it
] AS 7 6 4 40 ms, =5 A5 30O B 38 CRBEI 3 =20 Hz)
AR I 20 mso 7E 5 2 Bl P 0 2R TR ) B B Y
1000 Myt 8 6 T 35 B P17 X B, 8% 38092 ) S B AS: T Bsf
6] 401 ] 16 FF 7R, 33 S S RE I 40 56 4 B s . | 6 4
P16 AT LAE Y, FIr $ 530k b A [ 6 0 — ot K530 1) Bk
[6] 32 % 4 15~18 ms, AN iF 40 ms. JiT $2 55 vk 4k 2 4

35 method in Ref. [6]
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Fig. 16 Consuming time of three ground segmentation algorithms
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Table 4 Average consuming time of three ground segmentation

algorithms
Method in Method in Proposed
Parameter
Ref. [6] Ref. [12] method
Averageconsuming
26.63 12.27 16. 57

time/ms
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