


Understanding the Problem

For years Inertial Labs has produced high accuracy

Inertial Navigation Systems(INS)at the ¢ 2 NIbBsQ a

price-performanceratio. An INSestimatesthe position,
attitude, and velocity using the gyroscopes and
accelerometers contained inside an inertial
measurement unit (IMU). Position accuracy can be
greatly improved when the INS is aided by Global
Navigation Satellite System(GNSS)However, GNSSs
not always available Customerrequirementsdemand
for better performanceof an INSduring GNSSutage
Outagesoccurfrom natural environmentslike: tunnels,
urban canyonsand roadsunderbridges or from forced
conditionslike GNS$ammingor spoofing DuringGNSS
outage, position error growth is inevitable Inertial
navigationusingany IMU will accumulateerror due to
integration and double integration of unknown
accelerometerand gyroscopebiases UsingGNS&llows
the INSto estimate and correct these biases However,
when satellite communicationis lost, biasinstabilityand
noisestill causedrift. A typical INSusinga MEMSbased
position solution would drift by thousandsof meters
over 20 minutes of GNSSoutage a navigationgrade
IMU INS,like Northrop GrummanLN-100G, which uses
highaccuracyring lasergyros,claimsto drift 1220 meters
after a 20-minute GNS®utage Instrumentslike this are
simplytoo large,too expensiveandtoo power hungry
for mostapplicationsgspeciallyfor the emergingones

—

As a proven effective alternative, Inertial Labs
developedthe Tunnel Guide feature for the GPAided
INS an advancedalgorithmthat implementscontinuous
dynamicmodelingfor land vehiclemotion. Asa result,
the INScan mitigate error and increaseaccuracyof its
MEMS IMU during prolonged GNSSoutage Now the
position error of a land vehicleremainslow evenin a
GNSSutage area suchas a tunnel, a city with signal
blocking buildings or any area where satellite
communications beingblocked,spoofed,or jammed

The TunnelGuidefeature hasprovento be an effective
solution for military vehiclessuch as Infantry Carrier
Vehicles (ICV), Mobile Gun Systems(MGS) Anti-Tank
Guided Missile Vehicles (ATGM), Anti-Drone Guided
MissileVehicleYADGMV)NBCReconnaissancéehicles
(NBCRV)AssaultAmphibiousVehicles(AAV),and Light
ArmoredMultipurposeVehicleLAMV)

An Effective Solution

Sample data was gathered to demonstrate the
effectivenessof Tunnel Guide for different application
methods in purely inertial mode, only using inertial
sensorstogether with sophisticatedmodeling of land
vehiclemotion. Forboth of the following samplesets,a
driving test was conductedusingan Inertial LabsINSD
with Tunnel Guide without any aiding data from a
DistanceMeasurementinstrument (DMI) Thefirst test
wasrun on a highwaydriving at an averagespeedof 60
mph (96 km/h). Theplot below showsaccumulateddrift
of approximately160 meters, with outage time of 25
minutes This leads to an approximate drift rate
calculationof 0.4% of DistanceTravelled(DT)for a 25
minute outage This is already comparable to a
navigationgrade INS (120-meter drift over 20-minute
outage), yet the size, weight, power, and cost are an
order of magnitudelower.

Drift of INS-D with Tunnel Guide
(Highway)
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For applicationsinvolving more frequent turns, Tunnel
Guidewill onlyimprovein its accuracy




A plot from another sample test was produced in a
similar manner, but in this situation the vehicle was
drivenin a city environment Thissampleset showsthe
effective nature of TunnelGuidewhenvehicledynamics
allows better observability of the system state. This
driving test was done at an averagespeedof 25 miles
per hour (40 km/h) with frequent turns, and the GNSS
outage lasted for 30 minutes The plot below shows
performance of the INS using Tunnel Guide with no
aidingdatafrom a DML

Drift of INS-D with Tunnel Guide (City)
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The averagedrift rate of the secondsample set was
calculatedto be 0.2% DT over the course of the 30-
minute outage with a peak drift of approximately45
meters These results show that Tunnel Guide
significantly improves performance accuracy during
GNS%utagesat amuchlower cost

Improved Accuracy with
Aiding Data

Totest the filtered navigationsolutionwhile usingaiding
data directly from a@ S K A QHDIS ok via CANbusa

drive test was performed in a similar manner to the

previous test. The vehicle was driven at an average
speedof roughly 20 milesper hour, and a GNS$utage
wassimulated15 minutesinto the drive. After 30 more

minutes of driving under GNSSutage conditions, the

device was given GNSScorrections again, and the

solution converged Aboveis an imageof the test route

that wasdriven

Datawasthen processedn NovAtellnertial Explorer
A postprocessedsolution utilized IMU data from the
INSB and the recorded GNSSdata. This data was
independentof the INS navigation solution and was
usedasreferencedatafor comparingthe resultsof the
simulatedGNS$utage

After the data was recorded and postprocessed,
Inertial Labsengineersderived a plot of position data
asa function of GNS®utagetime. Thederivedplot is
shownbelow.
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Additionally,a secondplot wasgeneratedto showthe
trendline for horizontal position error asa function of
distance travelled This plot is useful becauseit is
critical for land-basednavigationsystemsthat needto
operate in a GP&lenied environment This plot is
shownbelow.
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Fromtheseplots, it canbe concludedthat the usageof

CANbusaidingdata in the INSD Kalmanfilter resulted
in a horizontal position error of 0.056% DT,whichis a

significantimprovementon the 0.2% found in the test

mentioned earlier. Now users can be confident that

evenin an extendedGP&lenied environment,systems
can navigate autonomously with accuracy that

outperforms any other comparable sensor in the

industry.

In Summary

Regardlessof your land vehicle application, keeping
accuracyduring a GNSSoutage can be the deciding
factor in meeting expectations of your project
requirements Forlnertial Labs the developmentof the
Tunnel Guide feature is a solution that provides
increasedposition accuracywithout increasingthe cost

of our devices The GPSaided INSD is Inertial [ | 0 &

dual antennalNSunit, but with it comesaccuracyand
advanced features that ensure that saving money
R 2 S anganduttingcornerson performance
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: ere at Inertia
Think? |aps
about our customers
satisfactionand want to continuouslybe
able to provide solutions that are
specificallytailored to problemsthat are
occurring today, while vigorously
developing products to tackle the
problems of tomorrow. Your opinion is
always important to us! Whether you
are a student, an entrepreneur, or an
industry heavyweight Share your
thoughts on our products,
recommendationsyou have, or just say
helloat opinions@inertiallabsom
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Attitude is Everything

GP&Aided INSD

1.5 m (SP)

Position with 0.6 m (SBAS)
GNSS 0.4 m (DGPS)

0.01 m (RTK)
Pitch and Roll nonp’
Velocity 0.03 m/sec
Fluxgate .
Compass Optional

Weight 320 grams
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