Variability of Arm Kinematics in Hitting a Target with a Bull Whip
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Conclusions

1. The Arm + Whip system Is low-
dimensional. The 1st and 2" PCs
account for over 95% of the
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Motivation

« Numerous motor control studies

predominantly explored unconstrained tasks.
* Insights about control of unconstrained movements

may not apply to interactions with objects or tools.
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variance In the data.

» We study manipulation of a complex tool; hitting a
target with a bull whip.
 Control based on internal model of the infinitely-

dimensional whip plus arm Is not realistic.
* We explore dimensionality of participants’ arms and
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Variance Accounted For (VAF)

2. VAF by the 15t PC of the whip In
the preparatory and hitting stages
correlates with performance both
between and within subjects.

3. The variance of the whip Is the

o
the whip using principal component analysis (PCA). § §A2'3 {00 Prepare Throw Hit main driver of the variance iIn the
1. What iIs the dimensionality of the Arm+Whip oS E 2 ~ overall system.
system? s 17 2\,_: 95% High-level Interpretation:
2. Does dimensionality differ between individuals | | T L 1 06 02 02 06 < %0 The complex system of the whip is
with different skill levels? Time (sec) 8y - - reduced to few dimensions. This
3. Does dimensionality of the whip and arm 3 stages of the trial were analyzed: 1 2 3 4 123 4 12 3 4 could enable humans to create

relate to the performance error?

Methods
13 subjects manipulated a 1.6m-long bullwhip, trying

Preparatory, Throwing, and Hitting stages.
Minimum distance to target reached at ~0.5s.

Principal Components
Arm and whip are low dimensional.

“knowledge” about the complex
object and how to Interact with It.

to hit a target at a 2.2m distance. They performed Arm + Whip PCA Whip PCA Arm PCA
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Median Error of 50 Trials (cm)

Difference in VAF by PC-1 for 10 Best & Worst Trials

Median Error of 50 Trials (cm)

VAF (%) In preparatory and hitting stages negatively correlate with median error.
Whip dominates the VAF (%) of the Arm + Whip system.

— Within Subjects

Median Error of 50 Trials (cm)

VAF higher in Best trials
B VAF higher in Worst trials
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= ! I I H The 15t PC of the whip position accounts for VAF by 15t PC of the whip position correlates with
; ; ; 1'0 1 19 1 3' most of the variance in the Arm + Whip performance in preparatory and hitting stages, both
Ranked Subjects system In all 3 trial stages. between and within subjects.




