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Research on the indoor lightweight mapping method for laser point cloud
based on the direct optimization approach

Guo Kai,Li Wenhai, Tang Zhenhao, Tang Xi
( Naval Aviation University, Yantai 264001, China)

Abstract ; To fulfill the need for high-precision positioning capabilities of indoor service robots, this article proposes an indoor lightweight
mapping method for laser point clouds based on direct optimization. This method fully considers the structural characteristics of indoor
environments and the unique advantages of lidar. First, redundant information, such as ground points, is filtered out through point cloud
filtering. Then, long point cloud sequences are segmented into multiple fragments. Inside each fragment, the NDT algorithm is used to
provide an initial estimation for registration. Subsequently, nonlinear optimization of poses is conducted based on pixel brightness
information to construct accurate local maps. Finally, combined with OPENGL’s multi-layer technology, a complete indoor map is
assembled. To evaluate the feasibility and performance of the proposed algorithm, a dedicated point cloud processing software is
developed and tested in the internal areas of an experimental building. The results show that, under lightweight and low-configuration
conditions, the map constructed by this algorithm maintains a high degree of consistency with the currently well-known algorithm
LIOSAM. Meanwhile, the relative error of mapping is controlled within 1% , and the average computation time between frames is 95. 8
milliseconds. While demonstrating high precision, it also maintains excellent real-time performance, thus exhibiting potential and value
for practical applications.
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Fig. 1 The overall flowchart of the mapping method

described in this article
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Fig.2 The process of point cloud filtering
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Fig. 3 Identification and filtering process of ground points

(b) Identification of ground points
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Fig.4 The comparison of loop closure detection and

fragmentation strategy on error accumulation in mapping
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Fig. 13 Mapping results of the LIOSAM in the same area

3.3 EERE

T AT VTAR PR A A ARG B A 11 v
T ZEARIC N A Sk 1 4 AR EAE I X
SO S AU T T 3 M AN R] X3, 38 R 51 25 18 T ]
REAETERI B/ IN R T, LAt Of 6 Tk Y 4 T PR A 8ok . 78
SEBR b AT A SO I A RS R I e T XX
4 QA B HEAT T SN R AR HCHE A 1 b 1T S A
RIS, 6 E S 0 i T, 224 — 2% 2 IR R AR Sy il 57 1) 1
JZ, WA 11 AR B4 38 A A b A X 4 4 DA
R Bl IRER | BN WA HiL 11380 HH T 7 9 B 5 ST 200 i P51
-5 S PRz B ) LT

FERN 1113 FR 9 4 A SCHI &7 B AT L SE 56
SEET TR 3, R 3 T BT bR B, PR R
RIS T ARG B AR, LR X 5 25 34 AR 4 1
FE 1% LADY 2 50 1 02 A A v S 8 b T 5 TR AR BB T

R3 BRERELR
Table 3 Mapping error results

8 SUME/ ASCIE, AHXTER2E/  LIOSAM YR/
F5 m m % MHE/m %

1 2.34 2.36 0.8 2.34 0

2 3.81 3.84 0.7 3.83 0.5

3 1.42 1.41 0.7 1.41 0.7

4 1. 80 1. 80 0 \ \
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