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Computing a set of contact points between a robotic hand and an object in order to fulfill some criteria is the

main problem of the grasp planning. An automatic grasp planning can produce a set of joint angles defining
a configuration of the robotic hand. The huge number of solutions that satisfy a good grasp is the main
difficulty of such a planner. In this paper, we represent the grasp planning problem as an optimization
problem and we propose a new algorithm based on a Particle Swarm Optimization (PSO) technique. To
generate the positions of the fingertips, the kinematic of the hand is modeled. Therefore, a simple PSO
algorithm is described to optimize the workspace of the operating hand based on a quality of measure of the
grasp. The simulation results support the effectiveness of our approach.

1 INTRODUCTION

The most complicated task that a robot is asked to
achieve is to take an object and bring it to another
place. Many configurations of the hand can be found
considering the high dimension of the wrench space,
the huge number of possible contact points in the
surface of the object and the many degrees of
freedom of the robotic hand. However, finding the
positions of the fingertips on the object can be really
competitive since some criteria had to be taken into
account like the stability of the grip, minimization of
the friction, etc. Therefore, grasp planning problem
is considered as an optimization problem.

To grasp an object, some information is needed,
like the position and the shape of the object
(Infantino et al., 2003), its material, the actual
localization of the robotic hand (Chesi and Hung,
2007) (Chesi, 2009) and its kinematic model
(Boughdiri et al., 2011), etc. All this information
should be considered during the grasping process.
Some can be collected using camera devise or
sensor, and others, like the material and the weight
of the object, should be defined by the user. This
information serves as input to the grasp planner. The
output is the position of the fingertips on the object
or the configuration of the posture of the hand (the
joints angles of the fingers and wrist associated with
the position of the hand).
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In this paper, we propose a novel grasp planner
based on Particle Swarm Optimization algorithm.
The main purpose of the method is to explore the
dexterous manipulation space of a multi-fingered
robot hand and to find the best configuration of the
fingers that enables the grasp as fast as possible.

For a successful gripping of the object, several
grasp planners have been developed (Shimoga,
1996), (Coelho and Grupen, 1996), (Morales et al.,
2006). Zhixing et al., (2009) have classified these
planners on forward and backward direction. The
forward direction follows these steps:

= close the fingers on the object
= extract the joint angles using the kinematic
model of the hand
= detect the positions of the fingertips at
collision, using the collision detection
technique
= evaluate the grasp quality
This methodology is evaluated in the simulator
“Grasp it” (Miller and Allen, 1999), (Miller and
Allen, 2004), which have been used for analyzing
and visualizing the grasps of a variety of different
hands and objects. This grasp planner includes two
phases, the first one is to generate a configuration of
the hand using shape primitives (Miller et al., 2003),
and the second one, is to evaluate the quality of
these grasps. The backward direction is object-
centred solution and is presented as follow:
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= contact points are randomly or analytically
located on the object surface

= evaluate the grasp quality

= find the corresponding feasible finger joint
position using an inverse kinematic algorithm

Fuentes, Marengoni and Nelson (1994) have
presented a grasp planner based on genetic algorithm.
They posed the grasp planning problem as a search
problem. Borst et al., (1999) used a heuristic
approach to plan a precision grasp for a 3D objects.
Pelossof et al., (2004) presented an SVM approach
involving a combination of numerical methods to
recover parts of the grasp quality surface with any
robotic hand in the simulator “Grasp it!”. Li and
Pollard (2005) presented a matching algorithm to
select appropriate grasps from a database based on the
shape of the object.

2 MODEL OF THE HAND

2.1  Presentation of the Degrees of
Freedom of the Modeled Hand

Our hand is a five-fingered human hand. Eventually,
the human hand has 27 degrees of freedom (Elkoura
and Singh, 2003) deployed like this:
= 6 at the wrist : 3 rotations and 3 translations,
= 4 for each finger : 1 DOF for flexion/extension
at each of the three joints and 1 DOF for the
abduction/adduction (Agur and Lee, 1999)
= the thumb has 5 DOF (Buchholz and
Armstong, 1992), the carpo-metacarpal joint
has 3 degrees of freedom: abduction /
adduction, flexion / extension and a pseudo-
rotation due to incongruity between the carpal
bones and the base of the thumb metacarpal
and the relaxation of the ligaments connecting
them and 1 for each of the two joints.

The human hand interacts under static and
dynamic constraints (Wagner, 1988). The static
constraints explain the limits of joint angles and the
dynamic constraints describe the interconnection
between the degrees of freedom of the finger joints.
Amongst these biomechanical constraints, we are
interested in the relationship between the distal and
proximal phalanges and which can be translated by
the following equation:

Angle pipjoint = EAngle DIP joint @

Therefore and to model the hand, we opted for an
optimization of the DOF by coupling the distal and

proximal joints. This allows us to simplify the model
to 21 DOF (Figure 1): 3 DOF for each of the fingers
and 6 DOF for the wrist.
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Figure 1: Distribution of the 21 degrees of freedom of the
modeled hand.

2.2 Kinematics of the Hand

The kinematic of the modeled hand is used to
determine the positions and velocity of articulations in
space relative to the robot base coordinator. The
Denavit-Hartenberg  parameters  (Denavit  and
Hartenberg, 1955) are given in this table:

Table 1: The Denavit-Hartenberg parameters of the finger
with 3 DOF.

Variable
Acrticulation 6ij dij ajj 0ljj of the
articulation
1 O 0 lix 0 O
2 3/2%0;, | 0 lip 0 O
3 Oz 0 | lis | O Oz, Oia

Where 0;1, 0, and ;3 represent the angles of the
articulations of the finger i and Iy, li; and Ii;
represent the length of each phalange of the finger i.
Therefore, the transformation matrix from the
coordinator 0 to 3 of the finger i is given by:

Cah —Siu 0 Gy

or —|Sn Ca 0 xSy

hi=lo o 1 o )
0 0 0 1

3 3
cos (5 0i1> —gn o licos E‘gil)
3 20, 3
iT2 = sin (E Gil) €os (2 6‘1) (1) liz sin (5 91‘1) @)
0 8 0 0
L o 1
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We assume that,

i represents the finger,i = 1..5

Cijz Coseij,i = 15, ] =1..3
Sl-j=sin9ij,i=1..5, ]=13
The forward kinematic model is as follow:
8X = ] 6q (6)

Where X represents the position and orientation
of the joint, g is the configuration system and J is the
Jacobian matrix.

3 PSOALGORITHM

PSO (particle swarm optimization) (Kennedy and
Eberhart, 1995) is a population based on a search
algorithm and is initialized with a population of
random solutions, called particles. Not like other
computational techniques, each particle in PSO is
also associated with a velocity. The particles fly into
space with velocities which are dynamically
adjusted based on their historical behavior. This
technique has received more and more attention
because of its simplicity and success.

Inspired by this, we propose a particle swarm
optimization based algorithm for grasp planning
problem in which each of the joints of the hand is
viewed as a particle and we integrated this algorithm
in our grasp planner.

Table 2: The angle’s limit of the joints.

Finger Distal |Intermediate| Proximal Pivot
-10<a -10<a
<a< <a<
Thumb <30 0<a<60 |[0<a<90 <100
-30<a -20<a
Index - <a<11 <a< =
de <00 0<a<110|0<a <90 <10
. -30 < -15 <
Middle =% lo<a<110{0<a<90 =a
<90 <15
. -30<a -10<a
Ring 0<a<110|0<a <90
<90 <20
Little | —30 < -10<
: =% lo<a<110{0<a<90 =
finger | <90 <40

The final purpose of the grasp planner is to find
the best location of contact points in the surface of
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the object satisfying some criteria. Assuming
P,k =1,2,..,m the particles represented by a
configuration of the hand. It contains the values of
joint’s angles for each of the fingers which satisfy
the limitations of Table 2 (Brand and Hollister,
1999), (Buchholz et al., 1992). The velocity
associated to pyis vi, k =1,2,...,m with m the
number of particles.

For each iteration, the velocity wvy,kE€
{1,2,...,m} and the particle p;, k € {1,2, ..., m} are
updated. According to the fitness values of the
updated individuals, the personal best angle
pP’*, k € {1,2,...,m} of each particle and the

global best position p£*°, k€{1,2, ..., m} among all
the particles are updated. For the update of the
velocities in PSO, a particle p;, is influenced by its

personal best position pP"** and the global best
position p?°¢**. Hence, the PSO searches the global

optimum solution by adjusting the trajectory of each
particle toward its personal best position and the
global best position. According to the above
description about the PSO, the procedure of the PSO
is described as following:
Step 1. Initialize the PSO with
= m, the number of particles
= G, the number of iterations
= Generate randomly initial configurations
Pk € {1,2,...,m}, in the population taking
into consideration the limitations of Table II.
= If anillegal collision is detected (case where a
finger enter the object perimeter), we generate
another values for the corresponding finger.
= Generate randomly initial wvelocity vectors
Vi, ke {1,2, ey m}
Step 2. Calculate the fitness value of each particle
and set initial pP?*,  £PP*"  and initial
pIPest, F9bestior the initial population.

= Setfy = fitness(py), k=12, ..,m where
fitness(py) represents the fitness value of the
particle py

pbest __ pbest _ —

= Setpg = px and f; =fi,k=12,..m

= Find the index | of the particle with best
fitness value by I = arg(max™, fP°)

- Set pgbest — p{)best and fgbest — flpbest

=  Setiteration =1
Step 3. Update pzbest’pgbest and fkprSt,fgbeSt.
= Calculate

fie = fitness(py), k = 1,2, ..., miffy, > FPP

then set p**** = p, and fP°*" = f,
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= Qf PP > fEPSS K e (1,2,.., mithen  set
pgbest — p{zbestand fgbest — flgbest
Step 4. Update the velocity vector v, and the vector
py of each particle.
- Update
v =V, + ¢y rrand() - (p,fbe“ - pk) + ¢, rrand()
. (pgbeSt - pk),k =12,...,m

where rand() is a function returning a random value
between 0 and 1.

" pk=pxtvik=12.. m
[ Set Vk = VW, We[o,l], k = 1’2’ v, m

Step 5. iteration = iteration + 1, if iteration >
G then go to Step 6, else go to Step 3

Step 6. The desired solution is the global best p&°°*

with the best fitness value f&°°*,

We assume that the position of the object is
reachable by the hand and the localization of the
object is known. Furthermore, we will restrict our
search of solution to a precise grasp which allows
only contact with the fingertips.

Although, we have 21 DOF, the six DOF of the
wrist is computed apart. It represents the position
and orientation of the hand.

We used HandGrasp (Walha et al., 2010) to
simulate the trajectories of the fingers in space.
HandGrasp is an environment used for hand
grasping simulation and can be expanded since it’s
developed under a modular architecture (Walha et
al., 2011).

In our grasp strategy, the fitness function is based
on a quality measure (Bicchi, 2000), (Suarez et al.,
2006) associated with the position of the contact
points. It takes into account the object properties as
the shape, the weight, the size and the location. Park
and Starr (1992) have proven that the contact points
are distributed in a uniform way on the object
surface, this improves the grasp stability. The quality
of the grasp under this criterion, called the stability
grasp index (Kim et al., 2001), is given by:

Qz; n |9i_9| )

Omax =1
Where:
Q is the quality measure,
n is the number of fingers in contact with object,
0; the internal angle at vertex i of the contact
polygon,

0 is the average internal angle of the
corresponding regular polygon (in degrees) :

g = 18022

Omax = (0 — 2)(180 — 6) + 28 (in degrees),
is the sum of the internal angles when the polygon
has the poorest conditioned shape.

Each position of the fingertips is computed using
the kinematic of the hand and in each of the iteration,
the algorithm check if a contact is detected. The force
of the fingers is computed using the equation:

F, =m- 7y, k=12 ..,m 8)

Where m, is the mass of the hand.

4 EXPERIMENTATION

The experiment is computed in HandGrasp. Given a
sphere with a diameter 5 c¢cm, we run our grasp
planner in order to grip this object with our simulated
hand (Figure 2). The results of this simulation are
shown in figure 3.

Figure 2: Simulated hand.

After 50 iterations and with 100 particles, we
remark that the fingers are not all in contact with the
sphere since it is not a condition in our grasp planner.
In less than one second (Pentium Dual CPU, T3400
2.16 GHz * 2.16 GHz, 3 GB of RAM), the algorithm
has generated the desired grasp. The second test is
applied to a cube with 7 cm length (Figure 4) and the
third test is for the object barrel (Figure 5).

Iteration=5 Iteration=20 Iteration=35 Iteration=50

Figure 3: Simulation results for the object sphere.
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Iteration=20 Iteration=35 Iteration=50

Iteration=5

Figure 4: Simulation results for the object cube.
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Iteration=5 Iteration=20 Iteration=35 Iteration=50

Figure 5: Simulation results for the object Barrell.

S5 CONCLUSIONS

In this paper, a grasp planner based on a particle
swarm optimization is proposed to find optimum
positions of fingertips in the object, ensuring a
stability of the grip. In order to guaranty a good
grasp, a quality of measure function is computed.
Furthermore, we restricted the limits of value for
each particle so that the algorithm can generate a
faster solution. Our system performs very well with
simple objects.

In future works, we will adopt a multi-object
particle swarm optimization (MOPSQO) (Reyes-Sierra
and Coello, 2006) to build a list of leaders to save the
“good” grasps in a database. Then, a pareto vector is
chosen based on variety of a quality of measure
functions like quality based on the margin of
uncertainty in the finger positions or Max-Normal-
Grasping-Force quality (Liu et al., 2004).
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