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NavShoeÊ Concept

ÅFoot-mounted inertial measurement unit (IMU)

ÅShort-term inertial navigation measures the 6-DOF 
trajectory of each step ïworks with any kind of motion

ÅBreak cubic error growth by resetting velocity to zero 
after each step:

ÅTake advantage of correlated position/velocity errors in 
Kalman filter to also remove most position error with 
each ZVU:

ÅCorrect heading drift of small MEMS gyros, based on 
compass measurements averaged over a long distance 



2005 Results
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Trajectory of NavShoe during 118.5 m (322 s) exploratory path through 
house.  Final  position error was (-0.32  0.10 -0.06), about 0.3%
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GPS & Magnetometer 

Integration Algorithm
ÅInitial heading and declination high covariances 

which become highly correlated

ÅWhen GPS becomes available, we used 
Transfer Alignment measurements after each 
step to align inertial heading very precisely to 
true geodetic North.

ÅBecause of the high correlation, this allows the 
filter to make a precise estimate of magnetic 
declination.

ÅDuring GPS outages, the compass is 
compensated with declination, and used to keep 
the inertial heading aligned to geodetic North. 



GPS & Mag Integration (2005)
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NavShoe

unused GPS fixes

GPS fixes used
for training declination

ÅThis is the solution to initial alignment and 

calibration of boot IMU, automatically on the fire 

truck or between the truck and the building 



Fast Forward to 2010

ÅOutdoor and wood-frame house results were 

excellent, but heading errors were noticeable in 

office buildings containing lots of steel.

ÅAbility to reject magnetic disturbances is 

proportional to quality of gyros, so InterSense 

embarked on development of next generation 

MEMS IMU, ñNavChipÊò

ÅNow shipping Engineering Samples and 

Developer Kits



NavChip SWaP

Å12 x 24 x 8 mm

Å7 g

Å240 mW



Gyro Allan Variance 



Allan Variance of 33 gyros
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Gyro Integration Drift Comparison



Test Procedure

ÅSurveyed 160m path through office with 

27 measured test points along the way.

Å3 subjects, 13 trials total

ÅTested two NavChip samples and two IC3 

samples

ÅSubjects marked each test point with 

double heel lift

ÅFirst two test points establish initial 

heading



Results with InertiaCube3

-30 -25 -20 -15 -10 -5 0 5 10 15

-10

-5

0

5

10

15

20

25

x (m)

y
 (

m
)



Results with NavChips

-30 -25 -20 -15 -10 -5 0 5 10 15
-10

-5

0

5

10

15

20

25

x (m)

y
 (

m
)

 

 

truth point

walk step path

test point



Error Distribution
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PDR Simplistic Error Model

ÅAssume all the position error is due to 

heading drift

ÅAssume gyro bias random walk and angle 

random walk a function of time (not 

distance)

ÅAt each step, accumulate small additional 

cross-track error proportional to length of 

the step and current heading error.
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Tune Simulation Parameters for 

Similar 1-hr Gyro Integrals

Real NavChip Data Simulated NavChip Data
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Simulated Straight Walk

ÅError proportional to distance AND time 

(dtx, where in this case x=1)


