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Robot Indoor Navigation System for Narrow Environments

DONG Min, TAN Haoyu and BI Sheng

School of Computer Science & Engineering,South China University of Technology,Guangzhou 510006 ,China
Abstract In the field of robotics,safe passage through narrow environments is one of the keys for robots to perform navigation
tasks autonomously and reliably. To solve the problem that robots cannot safely pass through narrow environment due to multiple
error sources,this paper proposes the robot indoor navigation system for narrow environments. In the course of navigation, the
system marks the narrow environment according to the geometric relationship between the obstacles and the global path in the
map and generates suitable traffic poses. When the robot enters and exits the marked narrow environment, it automatically swi-
tches the corresponding navigation strategy to adapt the environment. In the narrow environment navigation strategy,the global
cost map is inflated to plan a safer global path,and the robot plans the global path in segments according to the suitable traffic
poses,aiming to adjust the pose in advance to reduce the turning demand in the narrow environment. The MPC path tracking
method is optimized by converting the optimal control problem into the least squares problem. It replaces the local path planning
method to calculate the trajectory,and prevents the misjudgment of local trajectory collision resulting in navigation failure. The
simulation and real environment experiment results show that the system can effectively improve the passing rate of the robot in

the narrow environment,so that the robot can perform the navigation task more safely and stably.

Keywords Robot navigation, Narrow environment, Automatic adaptation, Suitable traffic pose,Path tracking
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Fig. 8 Constraints of non-holonomic kinematics
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Fig. 9 Simulation robot model
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Table 1 Comparison of the effects of methods in stage 1
VS Bk H/k  FHREHR/s FHHEKE/m
RS 15 57.26 7.579

PAP-TEB 15 64.53 7.931

B & N % 15 62.11 7.734

*2 BB AINERCRIXT I

Table 2 Comparison of the effects of methods in stage 2

VRS BIAH/ K PHHEE/s FHHEKE/m
W 5 % 7 38. 62 4.589
PAP-TEB 0 — —
B & Bk 12 40. 85 4.658
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Fig. 12 Comparison of trajectories of navigation methods in

narrow environments
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Table 3 Comparison of path tracking methods

VS fR & T4 F A /s F 3 4K B /m
Pure pursuit 11 1.703 0.19
LQR 9 1.736 0.42
MPC 17 0.684 26.12
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Fig. 13 Comparison of trajectories of path tracking methods
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Table 4 Comparison of the effects of methods in different
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Fig. 17 Experimental scenes in real environments
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Table 5 Comparison of the effect of methods in real environment
experiment
VS IR B/ K S H R s F ) #E K E/m
RS 7 47.76 5.066
PAP-TEB 5 63.90 5.609
B & N7 % 11 55.83 5.485
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Fig. 19  Comparison of trajectories of navigation methods in narrow

environments in real environment experiment
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Table 6 Comparison of path tracking methods in real environment

experiment
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Fig. 20  Comparison of calculation time
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Fig. 21 Comparison of trajectories of path tracking methods in

real environment experiment
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