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Abstract

Compared witlthe expensive anddh performancenertial navigationsystens
(INSs), MEMS-INSs areconsideredasthe first choicen the field of car navigation,
precision agricultureand othercommercial civil applicationfor its low cost, small
volume, light weightand other advantagdsdowever, the lovguality MEMS gyro caid t
realize the initial alignmerdnthe static basky detecing the earth rotationAnd in the
low dynamicapplication scenariog§he velocity is about 1m/sjhe commonly used
attitude determination method using GBIelocityis also less reliabl&iming at this
practical problenencounteredh theprecision agricultur@roject, this paper desig,
optimized andvalidatedtwo sets ofin-motion initial alignment schemes for tHew
cost MEMSINS/GNSS integrated nayation systenonthe ground vehicle.

For the first,the optimizatiorbased alignmentdBA) algorithmis based orthe
least squares theory, attitude determinatieethodusing GNSS velocity depends on
the velocity vector observations. combining their adages, an improve®BA
algorithm based on velocity vector observations wesved. By the means of an
intuitive globd observabity analysis the OBA algorithm was proved trequire
variable acceleration maneusgewhile the improvedBA algorithm onlyrequires the
carrier to have the speeflimulation and experiments results showed thaot at a
quickturntheheading alignment erraf the improvedOBA algorithmcanbe reduced
to within 4 degin 60s under low dynamic conditionsith aboutlm/s velody.

Secondly, the largeheadinguncertainty modelwas usedto design aninitial
alignmentalgorithm Ignoiing some smalVariables, boththelarge heading uncertainty
error propagation modébr the strapdowninertial navigationsystem (SINS)and the
GNSS position and velocity observation equationsre deduced In addition the
nonholonomic constraintNHC) observation equatiowas also deducedy the
means giba observability analysisNHC was proved capable amproving the
heading alignment accuraay low dynamic conditionsSimulation and experiments
results showed thaeading alignment errevith NHC canbe reducedb below2 degin
80sunder low dynamic conditionsith about 1m/s velocity
Keywords: MEMS-INS/GNSS in-motion initial alignment optmization-based

alignmenit globd observability large heading uncertaintyjonholonomic

constraint
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