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Design of a robot autonomous navigation system based on
optimized cartographer-SLAM algorithm

Huang Lei Yang Mingyuan Liu Bei

(School of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: This paper presents the design of an optimized Cartographer-SLAM based autonomous navigation system for mobile robots. It
aims to address the problems of mismatches and accumulated errors in loop closure detection encountered by the traditional Cartographer
algorithm in long corridors, repetitive structures, and dynamic environments. The proposed method improves robustness and accuracy by
enhancing loop closure detection and adopting adaptive optimization strategies. The main improvements involve using dynamic time
warping for loop candidate selection and dynamic threshold adjustment to reduce computational redundancy. A Bayesian optimization
mechanism is applied to fuse grid matching and temporal matching scores, with adaptive weight tuning according to environmental
characteristics. In the back-end optimization, a confidence-propagation-based dynamic weighting scheme is introduced to suppress the
impact of false matches on map consistency. Experiments are conducted in Gazebo simulation and real-world scenarios. In simulation, the

”

loop closure error is reduced by 23% in “ H ”-shaped corridors and factory shelf environments. In the corridor of Teaching Building 9 at
Nanjing Forestry University, the error decreases from 0.52 to 0.31 m. Tests on the ACES Building dataset show that the proposed
algorithm outperforms mainstream methods with good generalization. The AGV navigation system also performs well in dynamic obstacle
avoidance and path planning. This work provides an efficient and low-cost solution for autonomous navigation in complex environments
and exhibits high engineering application value. .
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Fig. 1 Loop detection module flowchart
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Table 2 Comparison of offset errors between the starting
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the improved algorithm
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Table 3 Comparison of ablation experiment

results for each module

ik PARRIRZE/m  HAEE]/ms PR/ %o
Cartographer 0.324 112 -
Method-A 0. 281 106 13.3
Method-B 0.263 109 18.8
Method-C 0.258 110 20. 4
AL 0.233 103 28.1
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Table 4 Comparison of performance of
different SLAM algorithms

Bk PR ZE/m FHAALA 8]/ ms
Hector-SLAM 0.412 95
GMapping 0.367 132
Cartographer 0.324 112
A3 0.233 103
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Fig.7 The graph construction results of the

algorithm in the public dataset
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Table 5 Performance comparison of different
SLAM algorithms on the public dataset

Ak 3% 22/ m ]/ ms
Hector-SLAM 0. 458 96
GMapping 0.392 135
Cartographer 0.341 118
A3 0.259 107
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Fig. 8 Starting point of AGV autonomous

navigation in Rviz platform
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Fig. 9  Autonomous navigation process of AGV in Rviz platform
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Fig. 10 The obstacle avoidance process of
AGV in Rviz platform
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