Original approaches to interpretation learning, and
modelling, from the observation of human
manipulation

Francesco Corato Pietro Falct, Martin LosH, Emilio Maggid’, Jakel Rain€r, and Luigi Villani

*Dip. di Ingegneria dell'lnformazione, Seconda Univeasii Napoli, Aversa, ltaly
Email: pietro.falco@uninaz2.it
Email: fcorato@unina.it
tFzI, Karlsruhe, Germany
Email: loesch@ira.uka.de
Email: jaekel@ira.uka.de
tOMG plc, Oxford, UK
Email: Emilio.Maggio@vicon.com
§Dip. di Informatica e Sistemistica, Universita di Napokderico II, Napoli, Italy
Email: Ivillani@unina.it

. INTRODUCTION positions and contact force measurements will be developed
S - In the following, we will limit the presentation to learning
The DEXMART project is focused on artificial systemgyoals which can be learned using only observations of the
reproducing smart sensory-motor human skills, which op&{yman hand. In this case, two main questions remain:

ate in unstructured real-world environments. The emphasisl) What can be learned from the observation and how does
is on manipulation capabilities achieved by dexterous and the actual learning take place?

aut(t)nomous, and also human aware dual-arm/hand robotiG, \ynat are relevant features for the learning and how can
systems. they be selected?

Manipulation cannot be fully planned without human in- . o .
teraction and intervention. Even then, human demonstratio In the DEXMART pr.Oject, learning is pursued on tvvq Q|ﬁer-
nt levels of abstraction, the so-callaction level andactivity

advice and correction are important parts of robot manipul . L . .
b P P evel. While the activity level is more abstract, the action level

tion learning and execution. Research will target methods a . . ! .
. : . . covers the interfacing between subsymbolic represemnttio
mechanisms to observe human manipulations in a way that

the observed actions enhance the robots skills (e.g. by mewa(r)‘d atomic symbolic operations.
optimized skills) and tasks (e.g. due to the optimized, exint 1. OBSERVATION OF THEHUMAN HAND
and goal depending combination of skills). .

A number of challenges have to be tackled about the obséi— Motion Capture )
vation and interpretation of manipulation activities peried A number of problems must be tackled to carry out highly-
by humans, first of all setting up a suitable sensory systé#fcurate observation of the human hand:
and reconstructing motion with high accuracy. Furthermore « marker movements due to skin motion with respect to the
the question of what is the best kinematic model of the human bones
hand has to be answered. o marker occlusions

Subsequently to the fundamental questions of observatiors POsitioning of the marker-set
and modelling of the human hand, the challenge is to build Marker movements due to skin motion are a real problem
systems which are able to learn from the observation of mfar hand motion capture as the error can have the same order
nipulations demonstrated by a human. Different robot liearn of magnitude than the bone lengths. Existing models treat
tasks in this context reach from simple recording and réptay the marker positional error as a residual covariance. This
of observed trajectories to the abstraction and genetaliza assumption simplifies the mathematical formulation. Hosvev
of the results of observed manipulations. Often the observa residual error analysis conducted within DEXMART showed
of the hand(s) only is not sufficient, but also the contexd, e.that it may be possible to improve the predictive power
manipulated objects, have to be considered depending on ¢ifighe kinematic model by explicitly accounting for marker
complexity of the learning goal: more advanced sensor fusimmovements. To this extent, we developed a novel kinematic
algorithms which integrate joint angular positions, markealibration procedure that accounts for soft tissue antsfa



tested four different algorithms, namely: Bayesian Infation
Criterion (BIC), Akaike Information Criterion (AIC), anddh-
sistent AIC (CAIC) and a procedure based on Bootstrapping
the data. Among these methods the results show that BIC,
CAIC and Bootstrapping can provide a good insight on the
number of DoF to assign to each articulation of the hand.
After the selection of the number of DOF’s, a quantitative
analysis of joint interdependencies has been done aimed at
studying kinematic synergies during reaching and handpgras
ing activity. Four male subjects have been asked to perform

(@) (b)

Fig. 1. MRI measurements for the marker RMM4 on open (lefuool) and  two tasks: a cylinder-grasp with right hand and a voluntary

closed (right column) hand. (a)-(b): marker spatial positlyellow arrow) - goyinn and extension of each individual finger. From acqliire

data, the computation of the correlation coefficient mafoix

by allowing the markers to move according to polynomié}" the DOF's has _been carried out, aimed at quantifying the
functions of the joints angles. To validate the motion marké&egree of correlation of each DOF with all the others. The
model and to increase the knowledge about marker slippif§Sults obtained in this study will be used both for reduireg

an MRI system has been used to capture the human han@9iPlexity of trajectory planning and for improving the sen
two different static poses, shown in Fig. 1. The MR imagJES'Q” .algorlthms of kinetostatic datg owing to the incezhs
have been used to reconstruct a three-dimensional modePdiriori knowledge about the hand kinematics.

the hand bones according to a co-registration procedursavho [11. L EARNING FROM OBSERVATION

details can be found in [4]. The measurement results show tha

th ker slipbi the b : ite sianificant . “To find the most relevant features for the learning, an
€ Marker sipping over the ones 1S quite signitican _"ag'g'approach in two steps is investigated. In the first step, the
between2.5 mm and10 mm along the hand axial direction.

available sensors are exploited to extract and derive ahimuc

Missing marker measurements due to occlusions can hea\f&atures as possible. These features include, but are not
affect the reliability of the joint angle measurements. sThi '

L S-S Mimited to joint angles, trajectories of all joints and fimge
problem was tackled from two_directions: (i) |nveSt.|gat|.01?ipS velocities of them, statistical features of thesenimi

. . . "% accommodate for two-handed manipulations, features lik
(”_) study about the fusion of data-glovg angular inforroati correlations of movements of both hands, temporal andaipati
with tEIe markfgr metz_;lsurementsi R?g(irdlng Fh_e mlarker-lfmt,t nchronization points are also investigated. Using imgin
p(_)tis' € con |gtur|a lons Werke ested. a mlr;|ma(11 marderds f!ltafromfundamentallydifferent actions, ranging fromjsie

WIith approximately one marker per segment and a redun omplex, all features are analyzed and ranked according t
marker configuration with three or more markers per segmept,; utility for separating between different action ces. In

To handle the occlusion problem using the minimal mark%e second stage, from the complete set of features only the

set, in [1] a sensor fusion algorithm is presented. It fu’S‘esr?ost relevant for a current learning task are selected using

through a Kalman-llke algorithm, positions in the space %n information content-based method for the actual trginin
a set of reflective markers and measurements from low-c %cess This minimizes the noise in the training data. A

alrllgular selrlsorstdlsipsedfon thel flnﬁer ijomts. The f\lgont rEs]mplementary method for data reduction is to abstract from
allows real-time tracking of complex hand movements. sets of fingers, which serve the same purpose in a grasp or

B. Kinematic model of the human hand manipulation action, to a single finger which combines force
Another key topic is the question of what is the bednd contact information of the whole set.
kinematic model for hand data. There is no generally acdepte ACKNOWLEDGMENT

methodology for making such a choice. Ideally an objec- g yegearch leading to these results has received funding
tive comparison between different kinematic models would, . the European Community’s Seventh Framework Pro-

require the actual joint angle values measured with a pro:mme (FP7/2007-2013) under grant agreement no. 216239
cedure that guarantees higher accuracy than motion Capt({SEXMART project).

measurements. Unfortunately, acquiring accurate gromutd t
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