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Inertial Navigation for Trains in Tunnel with Catenary
Span and Motion Constraints
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(College of Intelligence Science and Technology. National University of Defense Technology, Changsha 410073, China)

Abstract: As the high-speed trains cannot receive satellite signals when passing through tunnels,
and the position error of inertial navigation increases rapidly, a method of assisting inertial naviga-
tion by using the characteristics of trains and tunnels is proposed. This method uses GNSS and
motion constraints to estimate the installation angles of the IMU relative to the train, in addition,
motion constraint and landmark catenary span constraint are used to improve localization accuracy
in tunnels. System equations and observation equations are designed based on the state transfor-
mation Kalman filter. Compared with the traditional method, the system equation is closer to line-
ar stationary systems. The filtering time update equation and the measurement correction equation
can use the same calculation frequency, which reduces the real-time calculation burden and is bene-
ficial to the integrated navigation during high-speed motions. Based on actual high-speed train ex-
periments, a simulation experiment of trains crossing tunnels is designed. The experimental
results show that the localization accuracy of inertial navigation assisted by the two constraints in
the tunnel is significantly improved, which is better than 3%..
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and partially enlarged image (right)
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Tab. 1 Maximum position error of different algorithms

SR Pure INS MC-INS  CSMC-INS
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