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A novel ZUPT-based processing method for
lunar surface navigation

YANG Zhe, ZHUANG Chen

(School of Electronic and Information Engineering, Beihang University. Beijing 100191, China)

Abstract: To solve the problem of error accumulation in the inertial navigation system when the
rover is working on the lunar surface, and to overcome the shortcomings of the existing studies
that are sensitive to the environment or the rover need to be stopped periodically for error fixing.
Combining with the behavior of the rover, the error correction process of the rover using the prin-
ciple of zero velocity update (ZUPT) is decomposed into four sub-models, namely, the no-ZUPT,
the full-ZUPT, the horizontal dynamic ZUPT and the vertical dynamic ZUPT, and their system
matrices and measurement matrices are separately derived. A novel multiple model zero velocity
update (MMZUPT) algorithm is proposed for the lunar surface navigation system. Applying the
principle of multi-model interaction, this novel navigation algorithm allows multiple zero velocity
update models to work simultaneously, and can output the optimal navigation results and constrain
the cumulative errors by calculating the weights of each model at each positioning epoch. The sim-
ulation experiments of lunar surface navigation in a carefully selected constrained environment
show that the proposed MMZUPT approach achieves good results without frequent active stops to

meet the traditional ZUPT usage boundaries, and that better performance can be achieved by iden-
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tifying and exploiting calibration signals that contain errors.
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Fig. 1 Structure of multiple model zero velocity update navigation processing algorithm
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Fig. 3 Actual positioning error results of several

methods in selected harsh scenarios
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Tab. 1 Positioning error statistics of several methods
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Tab. 2 Statistics of the positioning error of several

methods after correcting the correction signal m
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in selected harsh scenarios m
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Fig. 4 Positioning error results of several methods

after correcting the correction signal
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Fig. 6 Actual velocity error results of several

methods in the selected harsh scenario
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Tab. 3 Velocity error statistics of several methods

in the selected harsh scenario m/s

T HE b 22 LAEDAAE PN :
LC 0. 20 0.18 0.18 1. 27
MMZUPT 0.11 0.12 0. 06 0. 55
AZUPT 0.27 0.3 0.18 1.92
ZUPT-Fix SD 0. 25 0.32 0. 14 1. 94
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Tab. 4 Statistics of velocity error of several methods

after correcting the correction signal m/s

P bR 22 o £ R AH.
LC 0.08 0.08 0. 05 0.42
MMZUPT 0.07 0. 10 0. 04 0.48
AZUPT 0. 27 0. 30 0.18 1.92
ZUPT-Fix SD 0. 05 0. 05 0. 04 0.32
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