Dynamic Stability in the Control of Complex Objects :......ox.u.

Dagmar Sternad® Albert Mukovskiy?2, Julia Ebert3, Tjeerd Dijkstra? UNIVERSITAT -

The Action Lab TUBINGEN

T 0045639 NI RO1-10081346 ! Biology, Electrical and Computer Engineering and Physics, Northeastern University, Boston, US
NIH-RO1HD087089 NSF-EAGER 1548514 2 Section for Computational Sensomotorics, Hertie Institute, University of Tubingen, Germany, 3 Bioengineering, Imperial College, London, UK

INTRODUCTION Design and Specific Hypotheses Contraction Analysis

From swinging a hammer to drinking a cup of coffee, interaction with Given the virtual implementation of the cup-and-ball model, human-object interactions exactly
objects — tool use — is an essential skill for daily activities. Baseline-1 Baseline-2 Perturbation-1 Baseline-3 Perturbation-2 correspond to the system equations. The model system can be analyzed using contraction

Manipulating complex objects, such as guiding the cup of coffee to m analysis. Contrary to Lyapunov analysis, contraction analysis is not restricted to stable states
the mouth, requires precise control to preempt and compensate those of th.e- nonlinear dynamic system. This offers the unique opportunity to analyze “dynamic
complex interaction forces to avoid spilling. Block: B1 B2 P1 B3 P stability” of human trajectories as they perform the task.
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Slow neural transmission and neuromotor noise makes error ‘

correction insufficient.

2) Human make trajectories unstable to exploit assisting perturbations.
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Hypothesis: Humans make hand-object interactions predictable. ] x©) x® | . Lohmiller, W. & Slotine, J-J. (1998). On

- N O 1 BOTL L L :
] . i . f 2 E I ] f | distributi contraction analysis for nonlinear
How: Humans exploit the stability properties of the task to I I'ajthorles O Xemp al'y Sll bjeCtS i hat dIStribution systems. Automatica, 34, 2, 683-696.

obviate errors and attenuate noise. : ’ -“initial spherical cloud
- of virtual displacements

Self-stabilizing or convergence properties can obviate error Block B1—rFirsts Trials Block P1 First 5 Block P2
correction, which are likely insufficient due to long delays. | —last5Trals 0.5} Deceleration TLast> 05} Acceleration
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Exemplary Results

0.3} 0.3} Subject 1 (rows 1 & 2): P1 — resisting,
0.2 0.2 P2 — assisting. CE
Subject 2 (rows 3 & 4): P1 — assisting, 0.20
Ty YT ; S T R ; , P2 — resisting. - - 10.15 Ball trajectories from human

* ; 10.10 performance plotted against total
Participants learned to move faster . 0.05 contraction values. Negative contraction
during practice in 60 baseline trials B1. | 0 exponents (dark grey) denote
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contracting states.
There is a clear decrease or increase In - -0.05
the cup velocity dependent on the : 7 W-0.10
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Note that sequence of assisting and
resisting trials differed between subjects.
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Thereby, the model-based closed-loop control of object dynamics
becomes less important.
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Specific Objective: Analyze stability of human-object interaction
using contraction analysis.
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The Task

A. Actual B. Conceptual Model

Yellow trajectory early in practice, red
trajectory late in practice.
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In P2, there is no further increase in cup
velocity.
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D. Virtual Interface
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e CONCLUSIONS

WONOLO_UO_O_ O\ B 8 O O O OGN 0L, Subjects successfully learnt the task and generalized across the two types of
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First application of contraction analysis to assess dynamic “stability” during complex object
manipulation.




