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Proposition 5.3. Convexity conditions for force-closure grasps
E&ﬂ Consider a fized contact grasp which contains only frictionless point con-
" tacts. Let G € RPX™ be the associated grasp matriz and let {G;} denote
the columns of G. The following statements are equivalent:

1. The grasp is force-closure.
2. The columns of G positively span RP.
3. The convex hull of {G;} contains a neighborhood of the origin.

4. There does not exist a vector v € RP, v # 0, such that for i =
L,....m,v-G; > 0.
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Theorem 5.4 (Caratheodory). If a set X = {vq,..., v} positively spans
RP, then k > p + 1.

Theorem 5.5 (Steinitz). If S C RP and q € int(co S), then there exists
X ={v1,...,vx} C S such that q € int(co X) and k < 2p.
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Theorem 5.6. Planar antipodal grasps [82] — \

A planar grasp with two point contacts with friction is force-closure if P " ny P2
and only if the line connecting the contact point lies inside both friction

cones. ny
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Theorem 5.7. Spatial antipodal grasps [82]
A spatial grasp with two soft-finger contacts is force-closure if and only
iof the line connecting the contact point lies inside both friction cones.
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