IC+«RR

week

singapaere 23

|I' — The Study of Complex Manipulation via
" Kinematic Hand Synergies:
o The Effects of Data Pre-Processing

A. Michael West Jr.}, Federico Tessari!, Neville Hogan?'+?

Department of Mechanical Engineering, Massachusetts Institute of Technology
’Department of Brain and Cognitive Sciences, Massachusetts Institute of Technology

ABSTRACT RESULTS

The study of kinematic hand synergies through matrix Numerical Validation
decomposition techniques, such as singular value
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In this work, we shed light on the role of data pre- 420z : ~ 02
ing on the study of hand ies by analyzing both N
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numerical simulation and real kinematic data from a complex Numerical validation data of the various pre- Eigenvectors and VAF of the numerical validation
manipulation task, i.e., piano playing. The results obtained processing types and the 1st and 2nd eigenvectors data. Different colors denote different pre-processing
suggest that centering the data. bv removing the mean (i.e., synergies). (a), (b), (c) and (d) denote the raw, types. The observed ratio of the coefficients of the first
58 g y DY g ’ mean-removed, z-scored, and range O to 1 data, eigenvector was 1.177, 0.550, 1.000, and 0.952 for the
appears to be the most appropriate pre-processing respectively. Note, the mean values of the raw data raw, mean-removed, z-scored, and range O to 1 data,

Additionally, the mean values of the range 0-1 data 0.995, 0.968, 0.957, and 0.989 in the raw, mean

M ETH 0 DS are 0.486 and 0.503; their ratio is 0.967. removed, z-score, and range 0-1 data, respectively.
* Only the mean-removed data estimated an approximately correct slope (0.550).

Theoretical Backgrou nd * When the data was not centered, the first synergy was directed towards the mean of the data.
1 Given Data Matrix — X € R(observationsxtime)xjoints * When the data was not pre-processed, the second synergy was considered to negligibly
observationlipm @t =0 - observationljpp @t = 0 contribute to the variation of the data.
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ean Removed Data: A, ;_ - m;an( ) experiment averaged across piece. Different colors O é;ﬂ 0 e
Z-scored Data: X,. = msa;( ) denote different pre-processing types. Lines show X__ Synergy X ,, Synergy
Sﬁ(—(m)in(X) the cumulative sum of the VAF. Error bars are &) /. £ 1 1
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Simulated 2-DOF system where: Ave 2:23 0.14 2-00 1.14 ol ma W B o w WMl
X = [x;,x,] and SD 0.49 0.90 1.63 0.38 e S
x,(1) = 0.50x,(i) + 3+ noise i=1,..,101 Number of significant synergies, defined as the The matrices of cosine similarities between synergies
Note the embedded synergy x, = 0.50x;. number of synergies required to achieve at least of different pre-processing types are presented for 1
90% VAF and where inclusion of another piece. A black value denotes a cosine similarity of 1
. . subsequent synergy did not add an additional 5% and a white value denotes a cosine similarity of 0. A
Piano Playlng VAF, in the piano playing study based on data pre- perfect similarity is denoted by a matrix with 1’s
Twenty-three relative hand joint angles of one subject playing the processing. (black) on the diagonal and 0’s (white) elsewhere.
piano were measured using a CyberGlove. The subject played 7 * There is a significant effect of pre-processing type on the number of significant synergies.
different pieces.  High similarity is seen on the subdiagonal of the cosine similarity matrix when the synergies from
B : W the raw data and the mean removed data are compared (a). This is similarly observed on the
superdiagonal upon comparing the synergies from the z-scored and the range 0 to 1 data (f).
 Together, these results suggest that not centering the data will lead to a dominant first synergy
with subsequent synergies that are consistent with the synergies of the centered data.
* Not centering the data leads to a dominant first-synergy that is not representative of the principal
directions of motion.
* This would lead a researcher to ignore the also important lower-order synergies.

* Changing the variance of the data will lead to a synergy that demonstrates that certain DOFs do,
indeed, co-vary but it will not quantify how much.

* Thus, we recommend the pre-processing step of removing the mean.

* The understanding of how pre-processing affects synergy decomposition presented here can better

Email: inform the selection of the quantity and kinematic coupling of synergies that assistive and
. . d prosthetic hand devices should implement.
amwestjr@mlt.e u * Here we demonstrate a rich manipulation task, piano playing. Future work will aim to expand the

study of shoulder, arm, and hand kinematics during piano playing to uncover the role of synergy
decomposition in this complex manipulation task.
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