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Relative localization between robots based on UWB bearing

Ning Heng'*> Liu Ran'? Guo Lin'* Lan Faji'? Zuo Jian"? Xiao Yufeng"’

(1. School of Information Engineering, Southwest University of Science and Technology, Mianyang 621000, China;
2. Robot Technology Used for Special Environment Key Laboratory of Sichuan Province, Mianyang 621000, China)

Abstract: Relative localization is a prerequisite for multiple robots in unknown environments to accomplish collaborative tasks such as
formation, exploration, and rescue. A relative localization method based on ultra-wideband (UWB) bearing is proposed for positioning
between robots in unknown infrastructure-free environments where satellite signals are blocked. The proposed method uses a sliding
window to intercept the inter-robot bearing observations and motion trajectories over a period of time, construct the bearing cost function,
and estimate the relative pose between the robots by minimizing the cost function. However, the non-convexity of the function leads
traditional optimization algorithms to fall into local optimal solutions. Therefore, sparrow search algorithm (SSA) is used to optimize the
cost function for the relative localization between robots. To reduce the effect of UWB bearing measurement errors, the SSA-estimated
pose and odometry information are fused by a back-end pose graph optimization algorithm to achieve more accurate relative positioning.
The experimental results show that the method is able to achieve an average translation error of 0. 32 m and an average rotation error of
2.1° in an indoor environment with a size of 12 mX6 m.
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Table 1 Impact of sliding window w on the positioning accuracy in experiment 1

M SSA
v BEBE/m | AR (%) FE/ms BEBE/m | AR (%) FEI/ms
25 5.39+1.92 92. 82+50. 69 12 2.57+1. 88 39.30+36. 48 9
50 5.22+2.16 76. 12+51. 24 14 1.88+1.58 20. 85+27. 12 15
100 3.44+2. 44 47.9+52.22 24 0.62+0. 31 3.10+2.73 25
120 2.70+2.07 35.49+44. 48 26 0.54 +0.30 2.90+2. 50 33
160 2.53+2.03 32.91+41.91 32 0.53+0. 27 2.79+2. 65 41
xR2 KW 1HERKERRH iter,,,, W EMEE R
Table 2 Impact of iter , on the positioning accuracy in experiment 1
IR RIEL iter,,,,, i EIRZE/m FERZE/(°) FEMT/ms
1 1.20+0.72 9.69+7.42 4
5 0.63+0. 38 4.34+3.71 10
10 0. 54+0. 30 3.20+2. 68 17
20 0.54+0. 30 2.90+2. 50 33
40 0.53+0.29 2.88+2.52 61
60 0.53+0.29 2.87+2.41 91
x3 XW1AMREETF A WNEMLE RN
Table 3 Impact of A on the positioning accuracy in experiment 1
A=0 A=0.3 A=0.5 A=1 A=2 A=3 A=w
L EIRZE/m 0. 88+0. 54 0.54 +0.30 0.55+0. 31 0.55+0. 32 0.56+0. 35 0.59+0. 44 0.59+0. 52
WEFEIR 22/ () 5.12+5.36 2.90+£2. 50 3.04+2. 86 3.11+3.24 3.42+4.74 3.66+6. 47 3.87+7.46
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Table 4 Comparison of positioning accuracy of

different methods in experiment 1

SN HEIRZE/m e/ (°)
4l AR 0.93+0. 84 4.15£2.22
sppi!] 0.79+0. 39 3.17£2. 11
EKF!'2 0. 48+0. 25 4.08+3.90
pFL®! 0.3920.22 3.68+2.03
A SSA Bk 0.54 =0.30 2.90+2. 50
A B 0.320. 19 2.10£2. 06

AN, 3R 4 850 T 5 H A E G FIE XS e, AR
FRTAL AH BT YR R R 2 U8 (extended kalman filter,
EKF) "' R 7 3E)% (particle filter, PF) " 75 b JH R £k ¥
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