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ABSTRACT

Grasp planning is the problem of finding the cohtacations and the forces
to apply by the fingers on the object surface ®@sgrit. This work proposes a
new technique that solves a simplified versionDj2ef this planning problem.
This technique is used for planning form-closurasgs. In this type of grasp,
the fingers surround the object and hold it seguaghinst the palm. It could be
used successfully to restrain the object with mummconcern about the
applied forces even when the coefficient of friotie small. Instead of using
shape primitives or hand preshapes to simplifypifudlem solution, this work
suggests an optimization technique. This technggagches for the maximum

value of a Grasp Quality MetricQ() which corresponds to the best form-
closure grasp. To find this value, the proposedhrigpie requires the
development of two algorithms. The first one gete=aa grasp for a given
object at a specific approach angle of the robbéiod, and it is called the
Grasp Generator. The second one is called the ISealgorithm. This
algorithm explores all approach angles for the lgeasp. The outputs of this
algorithm are the position and the orientationhef palm and the joint angles
of the fingers at the best grasp. The proposedaddthused for a two-fingered
robotic hand with eight degrees of freedom, amsliithplemented and tested on
a wide variety of 2D objects. The results showaeffectiveness of the method
to achieve the planning of form-closure graspsngf2D object.

Keywords. Anthropomorphic Robotic Hand, Enveloping Grasp,rnfro
Closure Grasp, Grasp Planning, and Grasp Qualityidde

1. INTRODUCTION

The basic function of industrial-robot gripperstes grasp objects having simple
shapes. The limitations of these traditional grigmich as lack of flexibility, dexterity
and sensing ability led to the development of ambmorphic hands [1]. These hands
typically resemble their human counterpart strugturand behaviorally. Several
anthropomorphic hands had been developed for @sesuch as DLR Hands [2-4],
UB hands [5-7], NASA Robonaut Hand [8], Utah/MIT g[9], Gifu Hand [10], and
Ultralight Anthropomorphic Hand [11]. Reviews ontlampomorphic robotic hands
could be found in [12-14].

Anthropomorphic hands have large degrees of freetthemefore grasp planning for
them is a difficult problem. In general, the gradgnning problem could be defined as:
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Given an object and a model of a hand, find suitable hand pose (both position and
orientation), contact locations and forces between the object and the hand to firmly

hold the object. The suitable contact locations are the onest#tkat into account the
following:

- The limitation of the hand dexterity including thand degrees of freedom (DOFs),

the number of fingers, length of fingers, etc.

-Object geometry and material characteristics, oholy its shape, size, surface

curvature, etc.

- The task requirements (the objective from grasping)

The types of grasp are active investigation areabfith physiology and robotic
researchers [15, 16]. One of the well known grasgsifications was proposed by
Napier [15]. He established the fundamental diffees between power (enveloping)
and precision (fingertip) grasps. Fingertips grasg contacts on the fingertips only
which offer maximum manipulability. But an envelogigrasp has contacts not only
on fingertips, but also on the palm and the inngfages of the fingers which offers
maximum stability. Examples of both types of grasp shown in Figure (1). Cutkosky
and Wright [16] extended Napier's work to classliyman grasps based on an
extensive study of one-handed grasps used by msishifthe machinists’ grasps were
recorded for many of the tools that were used eirtHaily work. The classification
describes 16 types of grasp in a tree. In addittutkosky and Wright correlated grasp
types to the object size and the task to be pegdrm

[

a) Enveloping grasp posture b) Fingertip grasp posture
Figure (1): The grasp posture types

For both fingertip and enveloping grasps, thera isollection of grasp planning
techniques. For a review of these techniques censite work of Bicchi and Kumar
[17, 18]. In general, there are two basic concegisally used for planning a grasp
[19]: knowledge-based (empirical-based) and modskl (analytical-based).

The knowledge-based methods utilize studies done by psychologists and
cognitive scientists on human grasping [15, 16]hwitt detailed mathematical
modeling. For example, Miller et al. [20] developadombination of grasp planner
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and grasping simulator. They first simplified thigjexct model into a union of shape
primitives such as spheres, cylinders, boxes, €ten, they used heuristics to select a
hand preshape and a hand approach (positions @dations) related to each of the
shape primitives from a database. The major shmitag of this approach is the
incapability to handle automatic grasping of nosjlects. In most cases, the decision
about which primitive to use is left to the user.

Li and Pollard [21-23] reduced the grasp plannmg shape matching problem. The
main idea behind this approach is to use a datab&dsand preshapes that are
frequently used for grasping. When a new objeptésented, its shape is analyzed and
compared to the grasps in the database. The hasthgpe with the best match is
chosen. However, this approach does not guaran&tdhe grasp has a complete and
proper contact between the hand and the objectaFand Tim [24] used the same
matching algorithm but with two new contributiofi$iey used a different method to
construct hand preshapes and they took into acdbentole of the whole arm and
upper body in realizing the grasp.

Based on the human enveloping grasping routineet¢af25] divided the procedure
of grasping into three phases: approach, liftimgl grasping. The routine he proposed
can be very helpful in estimating the relative plaent of the hand and the object
before the hand closure. However, this routine deduonly to grasp cylinders and
cannot be applied to the other complex shapes.

In most knowledge-based methods, the operatioautdmatically segmenting the
object to its shape primitives is a complex problgnen this problem is coupled with
the grasping problem, one cannot expect real-tierdopmance of the system [20].
Also, there are still many objects that cannot lassified as one of the few geometric
primitives. Furthermore, despite the large numdenand preshapes in any database,
they are not the only grasps that a hand can merfor

The model-based methods depend on grasp quality criterion (metric). Opzimg
this criterion represents a solution to the graggnoblem. Researchers using this
method distinguish two types of grasps: form- amdd-closure grasps [26- 29]. They
concluded that a grasp is callEmim-closure grasp when the grasp relies on a larger
number of contacts, and their locations ensurecobjamobility regardless of the
amount of forces exerted by the hand. On the contfarce-closure grasp relies on
the amount and the direction of forces applied emall number of contact points. The
small number of contacts in the fingertip grasp osgd relying more on the applied
forces, but the large humber of contacts in theelping grasp allow for form-closure
grasp [30] (hence the title of the paper).

A good example for the model-based methods is gime[B81-34]. It utilizes an
optimality criterion that deals with the uncertgim the positioning of the fingers on
the object. This criterion relies on the computatad regions on the object boundary
that are calledndependent contact regions. If each finger is positioned inside one of
these regions, a force closure grasp is obtained.

A second example, [35, 36] depends upon a simpheeqi: forming the largest
possible triangle of contact points on the objageg a more robust grasp. Thus the
area of the grasp triangle is used as a grasptyjuakasure for both 2D and 3D
objects.

The last example, [37-39] is based upon the faat the effects of inertial and
gravitational forces on the grasp are minimized niree distance between the center
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of mass of the object and the centroid of the angmolygon or polyhedron is
minimized.

In the model-based methods, the planner is usaaigned for a gripper with a
particular number of fingers. It searches for aisoh with a contact on each finger. It
separates locating optimal contact points fromifigdhe hand posture that can touch
these points. This separation may result in unaaehgrasp due to the constraints of
the hand kinematics. Most of these methods are apyyicable to force-closure grasps
which have a small number of contact points. Inmfa@iosure grasps, there are a large
number of contact points. The number of these ctsmia not known before the grasp
is executed. So, applying them in the form-clogiressps is difficult.

A general solution of the grasping problem requtresfull dexterity of the human
hand. Unfortunately, such dexterity has no matdiénfield of robotics. Each research
work attempts to solve a class of the graspinglprmolf36, 37] that suits a particular
hand and for a specific range of object shapes. clags of the problem this work
attempts to solve could be defined by two aspéatshand model and the grasp type.

The Hand model used in this work consists of palm, index and thuingers only.
The object and the hand are assumed to be in the gkane. The hand could approach
the object from any angle. The complete object-hancngement is shown in
Figure (2). The mathematical model could be easilgerstood if we consider looking
vertically downward to the arrangement. The moddy eepresents the kinematics of
the arrangement from this specific point of viewiebhfacilitates reducing the 3-D
arrangement into a 2-D model (hence the title efgghper). In this model, the hand has
8 degrees of freedom and the object is represédmytéd outer contour.

Index finger

Object

Thumb finger
PALM(X,Y)

Joint 3 is the orientation of the hand

a) The model of 2D robotic hand b) The real hand
Figure (2): The object-hand arrangement

The grasp type chosen is 2D form-closure grasp. In this type w@fsg, the hand
configuration and position are chosen to give st match between the object and the
hand surface. This grasp type is not suitable fordhing smaller objects compared to
the size of the hand but it provides a stable gith reasonably sized ones.

Therefore our version of the grasping problem ctdcstated as follows:
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Given the 2-D contour of the object and the 2-D kinematic model of the hand, find
the optimal form-closure grasp that resembl e the one naturally used by humans.

This work introduces a planning method for formstice grasps that adopts the
concept of shape matching used in [21-23]. Unlike 23], the proposed method does
not use any hand preshapes and does not approxineatsbject to previously stored
shape primitives as in [20]. The proposed methedvsigrasp planning as the process
of optimizing Grasp Quality Metric that we c&)l . The maximization of this metric

ensures that the grasp has a complete and proptactdetween the hand and the
object. The maximization is performed over the Belhsional space of the hand model
and under the constraints of the hand kinematidslas object contour.

The rest of the paper is arranged as follow. SeQiaescribes the proposed Grasp
Quality Metric,Q . Section 3 provides the Optimal Grasp planner. &kgerimental

results are provided in Section 4 followed by aatasion in Section 5.

2. GRASP QUALITY METRIC

As with the other knowledge-based methods, thikwlepends on emulating human
grasps. Planning a grasp for human being comesatigtuNo one knows why he or
she grasps an object in a particular way. Followimg footsteps of Cutkosky and
Wright [16], thousands of human grasps weramined in order to approximate the
rules that guide the human selection of a handup®db grasp any given object. Our
estimated rules are:

- Large angles sum: The sum of the angles of the finger joints showddrge enough
to envelope the objedA straight finger does not help much in holdingadject. We
observed that the summation of the joint anglethefthumb and the index finger
that is about or exceed 180° indicates that theabli wrapped by the hand, similar
to the concept of the radius of largest circle ugg@5]. It is difficult to achieve this
number with large objects which restrict our warkéasonable sized ones.

- Good contact points: a proper contact distribution between the linkstloé hand
(phalanges) and the object is necessary to avipdirs) of the object. By studying
different human grasps and from the anatomy ofhimman hand [40-44], it was
found that the best point of contact is at the eewof the link for the following
reasons:

1. The skin compliance at the middle of each phaldadeetter tharelsewhere.

The compliance is important to resist slippage .[44]

2.Whenever the contact between a link and the oltpeloe grasped is far from the
joint, the force exerted at the point of contaatrdases [43].

3. Near the joint the skin compliance redirect parttted applied force to be
parallel to the link and toward the joint. Thisrtséormation minimizes the force
effect to hold the object.

The hand location and the joint angles that achibese requirements are called the
optimal posture. The proposed meffc, is a mathematical function that measures the
posture conformity with the above rules. The valtighe function is higher for grasps
that fulfil all the requirements. The rest of tlsisction explains the transformation of
these rules into the metric function. The functi@rould be written as:
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Q =4én @
Where
-§.4 1[0,1] is the quality metric for the posture of the indieger.
-¢, U[0,1] is the quality metric for the posture of the therhb.
The maximum value of) is obtained by optimizing both of the multiplieztms. In

other words, the optimal grasp requires optimaltyres of the two fingers
concurrently. For convenience, each of these t&smermalized to the intervid,1].

Due to the kinematic complexity of the hand, chagghe angle of one joint could
affect more than one link. For example, the rotatd joint 2 changes the location of
all the links that follows: linkO, linkl and linkDue to this complexity each of the
angles will be considered independently. Let ug stéh the first angle of the index
finger,g,. Change this angle affects only link 0, see Fig@jeThe effect of this angle
in the Q function is the produat ,6, wherew , is the deviation of contact point from
the optimal location on the link 0, the centerlod tink. Mathematicallyw , is written
as:

Wo=1=(l g0/ Liiao) (2)
Where

! iq0= the distance from the center of contact on thie@i to the center of the link.
L0 = the half length of the link 0 (the maximum value)

Note that ,, is divided byL ,,, for normalization.

Similarly, the contribution of the second jointjrjbl, is (v,8,). But unlike joint O,
joint 1 affects two links: link1 and link 0. Theogéw , is written as.

le(l_((midl/l‘midl)-'-l_ ((midO/Lmid o))/2 ()
Where

! iqi = the distance from the center of contact on liri& the center of the link.

L.qi = the half length of link (the maximum value).
i=0,1.
Note that the summation of the two terms is dividg@® for normalization.
The contribution of third joint of the index finggoint 2, is (v,8,) wherew, could
be written as:
w, = (1_ (gmidz /Lmid 2)+ 1- ((midl /Lmid 1)+ 1- ((mid 0 /Lmid o)) /3 (4)
Where
! qi = the distance from the center of contact on linto the center of the link.

L..4; = the half length of link (the maximum value).

i =0,1,2.

To find the best way to combine the effect of thee¢ parts, Equations (2, 3, 4), the
different grasps that vary only in the posturelef index finger were evaluated. This
evaluation led to the conclusion that the grasgityuand the sum are linearly related
for small value of the sum, but the relation satgas the sum value increases.
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To reflect this observation a scaled tanh funci®oised to perform the necessary
squashing leading to the following formdf; :

$ina = tam—(smd (iwi 8 D 5)

Where
S,.4 = positive constant scaling value.

The way the human uses their thumb is a littleed#ht than the index finger. The
thumb finger is utilized in two modes [41, 42]. Tivst mode is simply to surround the
object as in the case of the index finger. This ensdusually used with smaller objects
as shown in Figure (3). With larger objects, humamploy the second mode. They
utilize the thumb to push the object toward theeinéinger as shown in Figure (4). In
this mode the contact length is the only contrglifactor affecting the quality of the
grasp. As a result, the equation of the thumb findg, ) consists of two terms and
could be written as:

first term

second term
&, =tanh Sm(zswiei}?p (Fea *+ Les) (6)
4
Where
W, =1= (0 ga / Liiga) (7)
W5:(1_((mid4/|‘mid4)+1_ ((midS/LmidS))/Z (8)

l.. = the contact length on the proximal link of thertitufinger (link 5)
¢., = the contact length on the distal link of the thuimiger (link 4)
Sin+S, = positive constant scaling values.

Figure (3): The thumb finger for wrapping the olbjec

Thumb Finger

< <
Thumb Finger

Figure (4): The thumb finger for pushing the objagainst the index finger
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3. OPTIMAL GRASP PLANNER

In general, this paper proposes casting the grdapnipg as an optimization
problem. It is a search for the maximum value & @rasp Quality Metri€Q . The
search is over the 8 degrees of freedom of the&id:ithe angles of the five joints, the
hand positiorfx,y)and the palm angle. The optimization problem isst@ined by

the hand kinematic and the object contour. It i@alinear optimization problem with
inherited difficulty that the sensitivity of the jalstive function to the joint angle values
cannot be obtained because the effect of eacheojoiht angles is discontinuous. A
change in any angle may affect the objective famctibruptly if it results in changing
the number of touch points of the links that follolhe subsequent sections show the
solution of this optimization problem without usigadient.

The proposed technique requires the developmentwof algorithms. The first
algorithm generates a grasp for a specific appraaghe of the hand. That is, given an
object and fixing the approach angle the algoritgenerates the remaining 7
parameters. This algorithm is called tBeasp Generator. The second part we call the
Search Algorithm. It searches over all approach angles to getasedne.

3.1 Grasp Generator

The grasp generator starts by generating a binaageO(r,c), that represents the
object to be grasped. All the object pixels areelath 1 and the background is 0.

The hand is also represented as an imdde,C) , that we call the mask image. This
image has two non overlapping regions for eachdskhown in Figure (5).

Each of the regions is a rectangular area thatahhsight ofh and a width that
equals to the link length,, . The region pixels are labeled as shown in theréigWe
call these regions the sensitivity regions of th@ad The grasp generator uses these
two images,O(r,c) and M (r,c), to measure the overlapped and non overlapped
areas between the object and sensitivity regiohs. dlgorithm adds the two images
then calculates the histogram of the resulting @b} (r,c). The values of the
histogram are the way to measure the amount ofrakamt, or misalignment of the
object and the links of the hand. In addition, idieeling of the images is done such
that any overlap between a region and the objefithave a unique value in the
histogram. For example, any overlap between thesitbaty area with the pixels
labeled with the value 4 and the object will resltthe non zero count in the
histogram for the value 5, see Figure (6).
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The background has the label
value of “0" Index finger

Thumb finger

Figure (5): The mask image4 (r,c) , of the 2D hand model

Any link,n0{0,1,....... ,¥, has two sensitivity regions; the inner one wél denoted
by A,and the outerB,,and the label used with any of these regions ittenr as
L(A,) and L(B,) respectively. The count of the pixels having a give
valuem 0{0,1,......... ,2b, will be denoted asH (m). Therefore, the number of
overlapped pixels between the inner sensitivityaef the link n and the object is
given byH (L(A,)+1) and the number of non overlapped onesl (E(A,)).
Similarly, for the outer sensitivity regions, theumber of overlapped and non
overlapped pixels atd (L(B,)+1) andH (L(B,)) respectively. Any feasible grasp
should satisfy the condition thah 0{0,1,2,......5 H B, » 1F « Thatis to say,
the object cannot touch the outer surface of time hBurthermore, in the form-closure
grasp, the hand should envelop the object impl;tiraagl;znzol1 ........ H(L(A,) +D)should
be maximum. Any deviation from these conditionsultssin a deformation force
indicating the need to change the correspondingeantp enhance the grasp.
The forces for the inner and outer sensitivity oegi are donated Hy(A,) and

F(B,) respectively and are given by:
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F(a)=HLA)

“ (9)
Fe)=H (L(LBn)+1)

n

Where, L, is the length of link . Note that these two forces are in opposite
direction: F (A,,) tries to move the link inward to enhance the gripthe object but
F(B,) pushes the link outward if the grasp is not fdasitso in the simple
casen =0,4, the value of the anglé, could be updated using:

AG =aF(A,)-LBF(B,) forn=0,4 20)
Wherea and S are scaling constant anef to guarantee feasibility.

The background has the label
value of “0" Index finger

The object has the label
value of “1"

Thumb finger

Figure (6): The label of each region@M (r,c) image

Since the rotation angle is limited in the ra[mego’], not all the angle update
valuesAg,, could be achievable. Consequently, the angle tepdas given in
Equation (10) should be transferred to the nexteatmyvard the palm. This transferred
angle is denoted hyg. . For example, if the angg cannot accommodate the changes
to minimize the forces these changes will be tremetl to the angl® . Therefore in
the general case the update equation is written as
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NG, =aF (A,)-BF(B,)-AE forn=1,2,5 (11
Wherea and S are scaling constant ang{f3 to guarantee feasibility andg; _, is
the angle change that cannot be have room foroihe §,_, so its effect is transferred
to g,. The final part is the effects of the palm linknk 3, and the residual angle

changeshg, ,Aé . These three parts are handled as motion veatdrgtto change
the location of the palm as shown in Figure (7)e Tianslation values are given by:

t, = A,
t, = J06, 12)
ty = AF (A3) — uF (B,)

Where y,Aandy are scaling constants andku for feasibility. The three
vectorst,,t.andt, are summed to get the final translation of thempal

In conclusion, the grasp generator algorithmii®mg as the following, which is
executed in average 0.027 second.

Algorithm 1: the grasp generator algorithm.

Input | the palm anglé], of the hand, the contour of the object to be gedsp

Output| the angles of the five jointg,,4,,6,,6,,6., the palm position(x,y ), andQ

Steps | GeneratéO(r,c) /l object representation
While (the sum of absolute changes in all the 7 parastetareshold)
Begin
GenerateM (r,c) // hand model representation

Calculate Histograntd
For alln 0{0,1,2,3,4,% calculate= (A,) andF (B ) //using Equation (9)

For alln 0{0,1,2,4,3 calculatedg, /lusing Equations (10 and 11),
IAG, =0 always.
For alln0{0,1,2,4,3 Updates,

Calculate the translation vectdrst.andt,. //using Equation (12)
update the palm positi¢r,y )

End

CalculateQ /Il using Etjaa (1).

Return 6,,6,,6,,6,,6;,(x .,y )andQ
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The link 2 of the index

The link 5 of the
thumb finger

Palm

Figure (7): The translation of 2D hand model
3.2 Search Algorithm

To get the final parameter, the angle of the pélm,a simple search algorithm is

used. It exhaustively generates the best grasp &lbpossible angles and selects the
angle that generates the highest value of thetgualketric, Q . Algorithm 2 provides
the steps to complete the search operation.

Algorithm 2: the Search Algorithm.

Input | The contour of the object to be grasped
Output| The angles of the five joint§,,8,,6,,6,,0;, the palm positiofx,y ), and
the palm anglé, .
steps | MaxQ =0 /l max value of Quality mies.
For §,=0°t0 359 do //the palm angle
Begin
Calculate the best grasp Qrand get the value &
if (Q>MaxQ)
Begin
MaxQ =Q
Savet},d,6,,6, .6,,0:;and (x .y )
End
End
Return 6,,6,6,.6,.6,.6;a0d (X .y )
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4. EXPERIMENTAL RESULTS

This work is a part of a complete project to bulad control an anthropomorphic
robot hand. The hand was developed, and it coneisfsur identical fingers and
opposable thumb. Each of the four fingers consikthree joints with three degrees of
freedom. The thumb consists of four joints withrfalegrees of freedom. All fingers
are connected to the palm to form a structure amtd a human hand. Every joint is
controlled by two tendons attached to one servomstothat when the servomotor
rotates the two tendons operate in opposite dinestiOne of the two tendons relaxes
the same amount of length as the other tendonde&seh tendons pair has a certain
amount of tension to make the fingers rigid in th@osition. The hand structure is
shown in Figure (8).

To control this hand to grasp any object, a gragmrpng method should be
developed. As the first step toward this directiamgrasp planning method is proposed
to grasp any 2D object, as illustrated in Sectip3.2To test the performance of the
proposed method, a simple 2D hand model was dese]@s shown in Figure (2).

In the proposed method, the required inputs argeleenetric model of the hand with
its corresponding constraints, and the contour hef 2D object. The contour is
extracted from the image that contains the objAaoty holes inside the object are
ignored and will not be considered for grasp plagniln addition, each object is
moved to the center of the image to allow the rotadf the hand from any direction.
The proposed algorithms (Algorithms 1 and 2) hagerbimplemented on a Pentium
IV 3.2 GHz PC using the Q#togramming language.

Figure (8): Hand mechanical structure
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The algorithms were tested on 100 2D objects wiitterent shapes and sizes. Two
examples are shown in Figures (9, 10). From Fig@yethe object to be grasped is a
circle. Therefore, from the object symmetry, thinjangles have the same value at
any approach angle. Furthermore, the contact pasdh each link does not change
with the approach angle. Consequen@y, is constant, as shown in Figures (9.a-c).

Figure (9.d) represents th@ values for the complete range of the approacheang|
(0°t0359)

a)Q =0.809 b)Q =0.809 c)Q =0.809
o
o 50 100 :E) proazo;: An gZISeO 300 350 400
d)

Figure (9): The results of the proposed methodfoircle object :( a), (b), (c) optimal
grasp, and (d) the curve @ against the approach angle

For the object in Figure (10), the optimal grasp haquality ofQ = 0.668 at the
approach  angle @ =95°. At this value, the palm position
is(x,y)=(3.76cm ,5.12m , measured from the left top corner of the imageaioed
the object. The angles of joints of index fingee@r=59.4,6, =1.4° andd, =34.5 .
Similarly, for the thumb finger, the angles a@ =0.4° and ¢, =31.7°. In

Figure (10.C), the grasp is the worst one wherevittee of Q is equal td.07z. This
value is the minimum with respect to the graspsigures (10.a, 10.b). These values of
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Q are identical with the choices of human beings. fore examples, Table (1)
contains different grasps for different objewith the corresponding values@f.

a) Q =0.66¢ b) Q =0.147 c) Q=0.072
o7 - (Sptimal value‘of Q
o
o 50 100 :;proaz);_)] An gZISeO 300 350 400
d)

Figure (10): The results of the proposed method foalf circle object :( a) the optimal
grasp, (b), (c) bad grasps, and (d) the curv@ @fgainst the approach angle

To evaluate the efficiency of the proposed metlibds compared with the shape
matching technique given in [21-23]. This technigdepends on a user-created
database of hand preshapes (17 preshapes in [B2P qeshapes in [23]). These
preshapes were used in the hope to find a matetebatthe inner surface of any of
them and the surface of object to be grasped. Bectney used an objective function
to evaluate the matching between the object amkaific number of hand preshapes
the proper contacts is not guaranteed. The methmabped in this work does not use
any database of hand preshapes. Therefore, itaagrae an infinite number of hand
preshapes.
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Table 1: Different graspsfor different objectswith the corresponding

valuesof Q

Optimal grasps

Non Optimal grasps

Non Optimal grasps

Q =0.729

Q =0.1055

0

O
I

Q =0.687

Q =0.2302

Q =0.0247

Q =0.762

Q =0.316

Q =0.0315

Q =0.658

Q =0.188

Q =0.032

Q =0.684

Q =0.220

0

O
I
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Additionally, in [23], they used the radius of tlaggest circle that is centered at the
origin of the space of the forces applied at thetacts by the hand as the success
metric. The radius measured by the distance frarotigin to the nearest edge of the
convex hull of forces generated by the hand orothject, on the assumption that the
origin of the force space contained in the conualk s shown in Figure (11).

The hand
The convex hull in The largest circle
fs contained in the
convex hull
fs R
< X
fo
fa
fa
The object
Y
a) The grasp b) The convex hull of forces generated by
the hand
Figure (11): An example of how to construct theveonhull of the forces generated in
a grasp

This metric is applied on different 2D objects d@hd presented 2D hand model, as
shown in Figure (12). In the figure, for each grake force space is constructed. In all
the force spaces, the convex hull of the forcesanh grasp contains the origin of the
force space. Meaning that from the viewpoint of $hecess metric in [23], the grasps
are good. But the grasps are poor as indicatechéycorresponding values of the
proposed metri€) , which agrees with the human opinion. Unfortunattere is no

acceptable test to evaluate the overall all perfoee of a grasp planner except
comparing it with the human grasps.

The convex hull of forces
fo
R\ Ti
) X
/ f2
f4‘/
Y
a) The proposed metriQ =0.0032 b)The force space of the grasp in a

Figure (12): The comparison between the proposetric (Q ) and the success metric
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The convex hull of forces

fa

f R

> X
M
fo
Y
¢)The proposed metriQ =0.007€ The force space of the grasp in c
The convex hull of forces
fs J fa

Y
e) The proposed metr@ =0.0033 f) The force space of the grasp in e

Continue Figure (12): The comparison between the proposatdaer(Q ) and
the success metric

5. CONCLUSION

Grasping objects by the anthropomorphic robot hamdsdifficult problem because of
the large number of possible hand configurationghis work, a new approach based
on an optimization technique was introduced fompiag form-closure grasps. The
main characteristic of this technique is that iesloot require a database of shape
primitives, or hand preshapes. It searches fombgimum value of a Grasp Quality
Metric (Q ) which indicates that an optimal form-closure grasobtained. This metric

takes into account the kinematic constraints offthed and the object contour. The
optimization required the development of two altfonis: the Grasp Generator and the
Search Algorithm. The Grasp Generator is used teigge a grasp at a specific
approach angle of the robotic hand. The Searchrilfigo considers different approach
angles to find the best on&he outputs of this algorithm are the position dhe
orientation of the palm and the joint angles offihgers.

To prove the validity of the proposed method, apsénanthropomorphic 2D robot
hand model was developed. The method has beenssigite tested with several 2D
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objects with different shapes and sizes. The &silts illustrate the capability of the
approach to find a good form-closure grasp for 2Dyobject.
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