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1. 1, 2, 3, 4, ... N-Step Stability IV. A Basin Shows Stability

Goal: Compute the set of lateral perturbations from which a human This is my Nominal State
can recover by taking /N or fewer steps.
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Characterizing human mediolateral stability could help: oA target set Ar at heel strike Right HS |
(HS) represents nominal walking. 92 E
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J y & & | _/I ___ Line our model’s dynamics after NV steps, which we refer to as IN-step Stability Basins. We
- B ension use a reachability toolbox called CORA?, assume that step timing is given, and incorporate

e Motion capture, split-belt treadmill
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uncertainty at the step transitions.
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e Varying magnitude, direction, timing )
e Several speed and step width conditions | )
e 12 subjects; 5 female, 7 male (only 1 1T -
subject analyzed here) Step width 0.5 — 3-ste
constraints S0 —t > 2-step SB
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I1l. 1 Model Walking with an LIP

Experimental Data Time (s)

e We model the lateral motion of the person’s Center of Mass (COM). At time ¢, let

#(t) = lateral COM position,  i(t) := lateral COM velocity V. ...Predicts How Long I'll Need to Walk Again?

e A sample observed COM trajectory over the course of several steps is shown below:
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Model: Linear Inverted Pendulum with Reset Map 075 075 —
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e Single support is modeled as a Linear Inverted Pendulum (LIP) with a foot: 025 "¢ , 0= 0.5 , 0B
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L(t) = Z—(ﬂi(t) — COP(?)) e The O-step Stability Basin accurately distinguishes between 0 vs. 14+ STR:
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Steps to recover: 0 1+
. . . L All trials Bl Pred. Correct
where COP(t) is the location of the Center of Pressure at time ¢ inside the foot. redicted — EEPred. Wrong
e Double support and foot placement are modeled using a linear reset map with uncertainty: 0 500 1000 1500
Number of stance phases
{x(t*)} c (A {x(t)} LD+ E e However, the prediction accuracy of 1 vs 2 vs 3 vs 4+ STR for perturbed trials is poor:
. _I_ D P
L (t ) L (t ) Steps to recover: 0 1 2 4+
Perturbed trials - Bl Pred. Correct
: : : : : 2 Pred. Wron
where A and b represent the linear map, ¢t~ and ¢ are the times of leading heel strike and Predicted | L | \ I | | ;
trailing toe off, and E is a set bounding the error of the reset map. 0 20 40 60 80 100 120
Number of stance phases
e A simulation (w/o uncertainty) is shown below, where the step timing is given: . . .
(w/ y) P 5156 e Future work will focus on a more complex walking model that better models the dynamics
of the 14+ STR trials.
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