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Motivation

HELP!
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L I'VEFALLEN -
AND | CAN'T GET UP !



Stride Metrics

Stride length




Individual Foot Trajectory Estimation

" |ntegrate foot-mounted IMU data to estimate position
= Subject to integration drift error
= Can eliminate integration drift by employing zero-velocity updates (ZUPTs)

= ZUPT-based Foot Trajectory Estimation
= Each time foot is on the ground, assume it reaches zero velocity
= Use this assumption to correct for integration drift each stride
= Demonstrated good accuracy for individual stride metrics (~2% error in
total distance travelled) [1]

[1] Ojeda and Borenstein, J. Nav., 2007.



Individual Foot Trajectory Estimates

= No way for right and left foot IMUs to know where each other are
= Use range measurement to fuse individual foot trajectory estimates
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Models

State Control
— T
U = |xg, Vg, Or, X1, V1, HL]T u = [Axg, Ayg, AOg, Axy, Ay, A6, ]
Action Model Measurement Model
Axg cos(0g + ABg) — Aygsin(6i + ABR)] _ [(xg — x;,)sinf;, — (yg—yL)cos 0,
Ayg cos(0g + ABg) + Axgsin(6g + AOg) = [ (xg = x,)cosh, + (Yr—y.)sinf;

L A6y

He = He—1 AxL COS(HL + AHL) — AyLSin(HL + AQL)

AyL COS(HL + AHL) + AxLSin(QL + AQL)
AB,




Control Input U = [Axg, Ayg, ABg, Axy, Ay;, A9, |7

= Raw outputs of ZUPT
algorithms must be modified to
implement in EKF




Measurement Model

;= [d] _ (xg — x;,)sinf;, — (Yg—y)cos 9L]
r (xg — x)cos0,, + (Yr—yL)sing,,




Experimental Setu

.

= Ultrasonic sensor to obtain
instantaneous distance
between two feet (hooked up
to Arduino)

= |MU to measure human
kinematics

= Walked ~50m down hallway
with consistent stride width

Ultrasonic sensor
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Stride width
standard deviation (last 500 points)
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EKF converges over time

Stride width
standard deviation (last 500 points)

Mean: 0.2/ m
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Upcoming Work

= Longer walking trial to demonstrate good long-term accuracy after

convergence

= Test performance with turning
= Look into ways to improve initial estimates for faster convergence




Thank You
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