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Stereo Visual Localization and Mapping for Mobile Robot in Agricultural Environments
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2 Sanya Science and Education Innovation Park of Wuhan University of Technology,Sanya, Hainan 572000, China

Abstract Visual-based localization and mapping is the key technology for autonomous robots. Visual localization and mapping in
agricultural environments faces more challenges,including few distinguishable landmarks for tracking.large-scale scene,unstable
movements. To address these problems,a stereo visual localization and mapping method is proposed. Static stereo matching points
are used to increase the number andcoverage of map points, which improve the accuracy of depth calculation. A point selection
method is proposed to further improve the accuracy and efficiency by sampling the dense map points and removing outliers. Then
scale estimation is proposed to reduce the scale error of localization and mapping in large scale agricultural scenes. Keyframe crite-
ria is adapted to avoid the impact of large far-away objects that could cause abnormal keyframe distribution. Finally,a new motion
assumption is proposed to recover the system from failure tracking, which improves the system’s robustness at the case of unsta-
ble movements. Experimental results show that the proposed method achieves better performance than other state-of-the-art vi-
sual localization and mapping systems. By addressing the challenges individually, the proposed visual localization and mapping
system is more accurate and robust in agricultural environments.

Keywords  Agricultural environments, Visual localization and mapping.Direct method, Stereo vision,Scale estimation
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Table 1 Comparison of trajectory errors of various algorithms
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SDSOL10] 9.2 1.95 2.22 1.43 3.26 X
SODSOL! 4.58 3.08 1.45 1.34 2.67 3. 31
ARSI 0.79 1.62 0.34 0.76 0.89 1.32
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Table 2 Comparison of scale errors of various algorithms

CHLf . m)
7k 01 02 03 04 05 06
ORB-SLAM2[) 2.79 4.60 9.54 7.03 4,20 5.23
VINSL6] 0.78 0.96 1.87 2.72 1.61 6.41
ORB-SLAM3!?] 2.06 4.64  10.30  7.52 4.48 4.42
SDSOL0] 1.81 3.41 4. 46 3. 40 1.92 X
SODSOH 1! 1.95 3.35 2.80 3.03 2.75 2.12
NS 0.24 2.05 0. 60 1.61 1.15 0.29
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Fig. 2 Scale estimation on sequence 06
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Fig. 3 Trajectories comparison on sequence 06
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Table 3 Comparison of processing time of various algorithms

(A s ms)
ORB- ) ORB- S- SO- KX
. VINSL® 5 . . ZF
SLAM2Lt] SLAM3L)  Dsottol  psotttl
T 26 9 25 13 8 8
&AM 58 46 54 56 32 28
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