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Noé Alvarado Tovar1

∗†

Abstract

This paper addresses the problem of analysis and
synthesis of grasps in 2D articulated chains with 2 and
3 objects, using frictionless contacts. The objects of the
chain are discretized in a cloud of points. The proposed
approach for the analysis and synthesis of grasps is Ge-
ometric. The grasp analysis is carried out by verify-
ing that the contact points placed on the objects sat-
isfy the Force-Closure property. And for the synthesis,
the proposed procedure finds one or more grasp with
Force-Closure. In addition, we propose a procedure to
find the elements of the vector of generalized forces to
link chains of n objects. We have implemented the al-
gorithms to chains with 2 and 3 objects with rotational
joints.

1. INTRODUCTION

The grasp and manipulation of objects using
robotic hands is a research area of great interest in
robotics.The goal of a grasp, is to make the object
does not move when being affected by an external
disturbance. Therefore the grasp must satisfy one of
the following properties:”force-closure” (the forces
applied by the fingers ensure the object immobility, in
future be named FC) or ”form-closure” (the position of
the fingers ensures the object immobility) [1].

Several works have been developed dealing with
the grasp of 2D non-polygonal and polygonal objects,
with n number of fingers and contacts with or without
friction. Cornellà and Suárez [3] computed grasp with
form-closure on non-polygonal objects. For polygonal
objects some studies carried out include the following:
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the algorithm developed by Liu [2] calculated FC
grasps with n fingers. In the work done by Niparnan
and Sudsang [4], they propose an algorithm that reports
each grasp FC with 3 fingers, from a given set of points.
The algorithm presented by Ponce et al [5] obtains
FC grasps with 3 fingers, considering contacts with
friction. Park and Starr [6] develop a method that finds
the best FC grasp using a hand with 3 fingers. The
approach proposed by Cornellà and Suárez [7], [8]
determines an optimum FC grasp, where starting from
the given position of 3 fingers the position of the fourth
finger is found, the contacts are frictionless.

The great majority of the work done in the area
of grasps objects , with robotic hands are centered
on a single object, either in 2D or 3D. However, in
the grasp or manipulation of articulated chains with n
objects there are few work done. Some of these works
have different approaches, such as the use of spatial
algebra when modeling and analyzing multiple parallel
manipulators holding an object articulated [9];the
assessment quantitatively of the grasp stability of
multiple objects subject by a multi-fingered hand[10]
and the manipulation of objects that have degrees
of freedom inherent, using algorithms interactive of
perception [11].

Van der Stappent et al [12],[13] and [14] studying
the immobilization of a serial chain of polygons
connected by rotational joints, or hinges, in a given
placement with frictionless point contacts. In the first
study show that a chain with polygons without parallel
edges are immobilized with (n+ 2) contacts. And that
any chain with n polygons can be immobilized with
(n+ 4) contacts. Further that can robustly immobilize
chains with polygons without parallel edges with
[ 6

5 (n+ 2)] contacts and [ 5
4 (n+ 2)] contacts immobilize

any chain with n 6= 3 polygons. While in the latter
work, with (n+ 2) contacts can immobilize a chain of
n 6= 3 polygons without parallel edges. If the polygons
have parallel edges the chain is immobilized with (n+2



contacts if n is even, and with (n+ 3 if n is odd. The
robustness is achieved with [ 6

5 (n + 2)] and [ 5
4 (n + 2)]

for polygons with and without parallel edges. The more
recent work describes 2 approaches of immobilization
based on geometric effects of first and second order.
Based on second-order effects, chain n 6= 3 hinged
polygons without parallel edges can be immobilized
with (n + 2) fingers. Moreover, taking into account
the effects of first order, any chain of n polygons are
immobilized with (n+3) fingers.

The motivation of this paper is to addresses the
problem of analysis and synthesis of FC grasps in
2D articulated chains with 2 and 3 objects, using
frictionless contacts. For this purpose, two algorithms
are developed. The first procedure allows to find the
elements that must contain the vector of generalized
forces for each force applied to objects of the articu-
lated chain. The second finds at least one FC grasp
with a geometric procedure to check if the grasp is FC.

The rest of the paper is structured as follows. Sec-
tion II provides the basic concepts used in this work.
Section III provides an overview of the problem, in-
cluding the main assumptions. Section IV presents the
algorithm to find the elements of the vector of general-
ized forces for the chain with 2 and 3 objects. Section
V shows the procedure for the analysis of force-closure
grasp. Section VI presents the algorithm to compute at
least one FC grasp. Section VII shows the results of
the application of algoritms to chains with 2 and 3 ob-
jects.Finally, Section VI presents the conclusions of the
work.
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