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A MEMS IMU and motion constraint-based positioning algorithm for
shared bicycles
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2. School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China)

Abstract: Due to the serious signal blockage of global navigation satellite system (GNSS) in urban
environment, it is difficult to achieve continuous and reliable positioning for shared bicycles. To solve this
problem, an inertial navigation system (INS) and non-holonomic constraint (NHC)-based integrated
positioning scheme (NHC/INS) is proposed using MEMS IMU and the motion characteristics of the bicycle.
In particular, the influence of IMU mounting angles and NHC lever-arm compensation on the positioning
performance is discussed in detail. Experimental results show that (1) during GNSS signal blockages of 60 s,
the position drifts of the NHC/INS in north, east and height direction is reduced by 91%, 95% and 83%
respectively compared to INS alone mode; (2) even under the challenging condition of 5 min of GNSS
outages, the maximum position drifts of NHC/INS in north, east and height direction are only 4.0 m, 2.5 m
and 4.0 m respectively, which can meet the needs of the routine management of shared bicycles.
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Fig.1 Architecture of the proposed bicycle positioning

algorithm
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Tab.1 Technical parameters of the MEMS IMU
(ICM20602) used in the tests
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Fig.4 Lean angle of the bicycle in the two tests

3 XBHERS5HH
3.1 INS /7% 5 NHC/INS &= %ttE

Bl 5 D SEE 10IEH 54T ME 10 AU BT GNSS
155 60 s 4 A2 By A7 22 00 8 R L.
GEi IR AT (5258 1) X WHR 2T RNE
1) RMS EIENAIEREE, S5RANEK 2 FiR. B
IMU ‘L3S R 22 FIFTF R RREA T 1AM
=2 IEETTHT GNSS FHEf 60 s ML EBEIRESIT (RMS (&)

Tab.2 Position error statistics (RMS) during 60 s GNSS
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Fig.5 Estimated trajectories of different schemes in the 10 sets of 60s GNSS outage experiments. The red represents the ground

truth; the blue represents the trajectory estimated by INS; the green represents the trajectory estimated by the NHC/INS scheme

proposed in this paper
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