The generation of a comprehensive grasp taxonomy
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Abstract— The goal of this work is to summarize the grasping B. Comparison of Taxonomies
taxonomies reported in the literature. Our long term goal is to To d | th h . t | it
understand how to reduce mechanical complexity of anthropo- 0 develop the comprehensive iaxonomy, several -

morphic hands and still preserve much of the dexterity. On the €rature sources were compared. They range from the
basis of a literature survey, 33 different grasp types are taken field of robotics [3],[10],[15], developmental medicine
into account. They were then arranged in a hierarchical manner, [5][4],[6] to occupational therapy [9] and many more
resulting in 17 grasp types. [11],[14],[18],[2],[17],[12],[13].
A small excerpt of the comparison table is shown in Fig. 1.
|. INTRODUCTION Within one column equal grasps are located, whereas in the

The design of an anthropomorphic hand is alwaysacomprsalme row all grasps defined by an author are presented,

mise between hand complexity and the tasks it is suppose trasps which are defined by the author as power, precision or

accomplish. In general, sophisticated hands with manyes rlnPermedlate, are marked with a color code. Yellow is denpti

- ! a power gras reen a precision grasp and yellow/green an
of freedom are dexterous but pose significant requirements. | P grasp, 9 P grasp y 9

terms of control. Many of the reported grasp type taxonomic'anstermedIate grasp [16],[7],[8]. Red is marking a grip vihic

have been made with the goal of understanding what tydgrsgsm further used, since it did not fit into the definition of a
of grasps human commonly use in everyday tasks and lgse P

this as an inspiration for designing of robotic and prosthet
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understanding how to minimize the complexity and MaxXimiz ™ . [Lue vaneer | soaroamee vesumwrn| A5580 | Ly | Promates | prmaics
the dexterity of a mechanical hand. The first step was tO\\eVi{ Grasp Number |1 P 3 7 5 6 7
. . . . Entries 10 3 6 2 2 4 4
the literature on the grasp taxonomies, using is as the ba Lmermmm AR muc.’emmb e mmblrmmer Tnumti,aF‘nqe. 7
for our further research. Cutbaoky Q- | <O %& h |l B
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A. Definition of a grasp 080 A 1| 6}7'
Since grasping in humans is a very broad area, it w, { - (|
necessary to find a definition of what is considered relevg — | : l

for this work. We propose the following definition of a grasp

relevant for our work: Fig. 1. The sheet used for comparison of different grasp taxoes. This is
) ju_st a small excerpt of_the whole sheet, the complete table eatownloaded
“A grasp is every static hand pose with which an  via the Human Grasping Database,[1].

object can be held securely with one hand.”

The definition also implies that the grasp stability has to be
guaranteed irrespective of the relative force directiotwben )
object and hand. A. The comprehensive Taxonomy

Therefore intrinsic movementsare excluded because the In total, 147 grasps were listed and compared, with 45
object is not in a constant relationship to the haBumanual different grasping patterns. Not all of them are relevaniiar
tasksare not relevant because they use both hafdavity research since they did not fit into the definition of a grasp.
dependent graspare ruled out, because the hand orientatiohherefore the amount of grasps was reduced to a set of 33
is vital to the grasp stability. If one turns the hand, theegbj grasps.
may fall down, which shows that it is not independent of the The grasps were then arranged in a taxonomy depicted in
force direction. E.g. grasps being excluded areHbek Grasp Fig. 2. The rough classification in the columns is done by the
and theFlat Hand Grasp power/precision requirements. The next finer differemtiats

IIl. RESULTS



Power Intermedi Precision

Faim Pad Side Pad sie. the thumb was introduced as additional attribute, which can

2 23 24 2-5 2 3 34 2 24 2-5 3

. be either abducted or adducted. Depending on the need for
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precision, the taxonomy offers a second level of classifinat
which includes only 17 grasp types.

The taxonomy should cover the whole range of static
grasping patterns, which will serve as a basis for further
studies on human grasping. Therefore, the temporal segsenc
of hands performing the 33 grasp types will be recorded and
Q ‘ analyzed on how this very complex model can be reduced in

order to still allow a lot of dexterity.
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