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Abstract

The grasping of the object i . ; .
e Ihmlvedgrh b= Ject in robot hand or any other automatic grasping mechanism is a complex task. Several constraints

‘ ng. Taxonomy of human grasp hel, identi { i
design of robot hand or automalic grasping m%chfm’smes NS S e ey R

The robot without memory, com, 7 i ; - P
ks putational ability and some intelligence is simply a machine. This paper deals with
: . . onl)
gribping aspect of robotics, which can be used as toof for designing computer program for controlling robot hand. 4

Zﬁ?}i ;q;fﬂf;c/;’uz ckunmgion.s; f:ou/ombs law ff friction model should be satisfied for stable grasp. The essential conditions of
el akes i pgss:ble to grasp, graspability” is discussed. The strategies should be followed to find out optimal

ipping positions satisfying all the constraints. The conditions for reorientation and regrasping of the object and computation
of force (torque) required to avoid slippage is discussed,

Introduction

Robot is a machine developed to provide capability of human being. Even if the Robots are developed in terms of attributes
similar to human attributes (i.e. intelligence, memory, all types of senses) but it will not be useful without hand. Similarly
there are some other automatic machine tools where automatic grasping is essential. The reason for grasping the object
is not only to gain the complete control over its position but the grasp should also be able to orient the object to do specific
task. The task requirement and job geometry dictates grasp choice, which also is clear from every day task. The grasp used
for picking up a pendil is entirely different from the one used for writing, though the object geometry remain same.

Whatever is the state of automation, unfortunately, the adaptability of human hand have been difficult to duplicate. It
justifies the dominance of human hand for many type of applications. One of such example is grinding of precious stones
used for jewellery. The design of jewellery has become automatic by using computers, if it is interfaced with manufacturing,

the cost of production decreases and quality improves.

The programmer for the robot does not have only challenge of writing the program which can do the specified job but the
program should be efficient to run it in real time system. Minimum of 6 parameters are required to define !ocatlpn and
orientation of any point in robotics system. For a robot to complete the task several such points have to be defined if ropot
is following some specific path. Besides location and orientation, several other parameters have to be defined depending
upon the nature of task. Hence optimisation of the memory space is another chqllenge_f_or t_he programmer. Henge only tl}e
use of computer in robotics system for automation is not the success, but efficient utilisation of the computer is essential

for improving productivity.

Human grasping
i i i hands have numerous degree of freedom
i rosthetics are the main requirement of Robot hand. Humar) ) i
Rﬁ?gsr;?q?:?ti lcjiifﬁcult to duplicate by man made Robot hand. Though mut:tl-ﬁnhg?lred Rc;bot ha?:ti %z\gea l‘;?ftjcllt; ldr?grrmii
i i i i- s are another challenge to corre _
freedom, tactile sensing and controlling these multi-fingered hand i e siciipiiinp et g

[ d ¢
i hand. Because of the complexity of the grasp, the.study and C : ytic
pwrlgéezgen;at%at pecple use in choosing grasp and manipulating cbjects in particular environment is important. Human grasp

ca !

absolute for many industrial applications.

pending upon task requirement and object geometry. The comparison

can be classified and codified de ar o S s

The human grasping by human hand helps for designing Robot hand that is better th

and analysis of grasp
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Classification of human grasp

The most common method of classifying human i ;

- 5 = grasp is accordin ;
cylindrical, fingertip, hook,'Palmer, spherical. But these <:Iass.ii“u:aticmgdtz()J rfgta Fe)\? e I b e
even during the course of single task with single obje ways represent the state clearly because,

The example can be opening of the cap of the b ct, the hand adopts different grips to changing force/torgue conditions.
diti H h P e bottle, where hand adopts different grips to adjust to changing force/
torque conditions. Hence the grasp can be categorised according to the function instead of appéarance o

Another way of classifying human grasp is to divide it in to 3 :
Wl"_lere security and stability is required, power grasp is used. Iti\gw?vel:r:?:s ;art:g&nes 1ia.e. power grasp and precision grasp.
object and the surface of the finger and palm. Whe quires large area of contact between grasped

re sensitivi T : i :
object is held between fingers and thumb in the precisionlttl_:lvrlatzpﬁnd dexterity is required, a precision grasp Is chosen. The

;gﬁlgi‘ergargcsf;(ﬁ':::: :getf:?igrfhsg gfs\?slfﬂ'?d by C;Utkosk d(1 1989) is very useful in classifying human grasp. This taxonomy of
grasping mechani i i ¢ :
lies in the space of all possible grasps. o nism, since it allows one to see very quickly where a set of grasp

Definition of grasp

The grasp in the context of Robot is gripping or holding the object without any motion between object and gripper. In this

way the meaning of grasp differ_ wit_h the grip, whose sole purpose is only to hold or clamp the work-piece to transfer from
one place to another. The grasping is advanced form of holding which can pick up and manipulate the object to accomplish
complicated work, satisfying all the requirement of the good gripper.

The Robot ‘hand to have dextrous ‘capability, should be able to grasp the object which prevents them from slipping from
grasp, reorient and regrasp the pbject within the hand. When the shape, location and orientation of the object is known,
it mnghfc be easy to grasp the object perfectly. But when these information are not available, it is useful to develop grasping
strategies that rely on local feedback, object shape constraints, and friction forces to ensure variable grasp. Hence if the

conditions can be developed for stale grasping In terms of mathematical models, the control, sensing and co-operation
among fingers are possible. .

Condition of stable grasping

Th_e slippage can occur t?etween the object and the gripper because of weight of the object, moment due to holding the
abject eccentrically, inertia of the body or any external force in the body.

Fegring (19856) suggestec! three necessary conditions for stable grasp. The first condition is about the equilibrium of the
object, second condition is about relation of forces with friction and third condition is possibility to increase magnitude of
force.

First condition: The most important and primary condition for stable grasp is that the object must be in equilibrium. The
net force or moment acting on a body is balanced by each other.

Second Condition: All the forces in friction type gripper must be
with in the friction cone so that there will be no slip at fingers. According

- —————
_________

to Columb’s model of friction, for a point in contact with a planar & R -
surface, the tangential force is a linear function of a normal force. The : i SO _____i":_"_’f___.-;r
friction angle ¢ = tan u is half the angle of infinite length cone, . s

orthogonal to surface. This cone is known as friction cone and the
contact forces directed outside the cone will result in slip at contact
point. Referring fig 1, if FN is the force component normal to the
surface, Ft is the tangential component and a is the angle of force
with respect to the surface normal, then the grasp is stable.

Third condition: The final condition for the stability is that it should
be possible to increase the magnitude of the grasping force to prevent
any displacement due to an arbitrary applied force. To restrict the
motion of a rigid planar body, four frictionless point contact are required.
Since a point contact with friction, can apply forces in more than one Fig 1: Friction Principle .

direction, only two fingers with friction are sufficient for stable grasp.
When applied force is larger than the friction force, it is necessary to
increase the normal force at each finger to prevent displacement of object.

15
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G’raspébility

The _fbrce_s of two fingered gripper must be collinear, of edual magnitude and opposite in sign to held the object in -
eq.uFltb.rIum condition. The forces between two fingers are not independent and are related by angle between the surfaces
-on which the fingers are acting. - e : o

Considering the portion of the polygon with angle (at vertex is grasped by two fingered gripper as shown in fig 2. The
angles are defined as in fig 1. The second condition of the stable ' .

grasp says that the force angles must be within the friction cone. : :
Hence ¢>a >»-dand ¢>a,>—¢ ‘ '

Friction cone

The force angles are measured in the counter clockwise sense
from the surface normal. From Fig 2,
g : R '

“For stable grasp, the maximum value of force angle is equal to
friction angle. Hence, :
Iy < 2[4/
. vl <2/
Hence'the condition for stable grasp Is;
: tan /y/2/=p

?ortion of Pdl

This condition indicates that if sides are closed to parallel the
co-efficient of friction required to grasp the object is small.

. Fig 2: Angles of force for Y Finger 2
Fory=0° =0 ie theoretically the object with parallel face polygon in equilibrium. g,
: can be grasped even by two friction less fingers.
For y = 90° p=1 i.e to grasp the object by two fingers at sides
‘ perpendicular to each other maximum co-efficient of friction is required. .
For y > 90° pu>1 i.e the condition do not exist. Hence it is not possible to grasp the object in the sides where angles
subscribed by these sides are more than 90°. . “ %

‘Phases of g_résping :

Graspihg consist of severa! phases or stages. It starts with planning phase taking all the envirdnment into considefation and
leads to stable grasp. Buss (1996) divided grasping phases as planning and holding phases. Fearing (1986) has divided the
grasping in to four phases as approach phase, initial touch phase, initial grasp phase and stable grasp phase {Fig 3).

The important component of task planning for gripper is to determine grip positions. Grip positicn determination requires
considerations of many issues such as condition of stable grasp, gecmetry of object, environment, surrounding obstacles.
All these attributes have to be analysed in planning phase of grasp. Many acceptable grips may be possible, but there must
be some criteria to select most appropriate grip. Distance from the centre of mass, contact area, possibility of slippage,
force to be applied for stable grasp have to be determined and all the values of these attributes might change with respect
" to time. If the robot has efficient computational facility, the optimum grasp can be planned to meet all the requirements,

Holding phase is the one in which the object is grasped stable. The fingers apply optimum contact forces at designed
positions and external forces are counter ¢ L0
balanced. The force acting on the gripper
may vary as stated in third condition of stable
grasp. Hence on-line computation may be w® :
necessary to vary the forces in fingers to O\ O\
prevent displacement of the object due to A 4
arbitrary applied force at any instant of time.

Object

Approach phase: Any type of objects can e - q
be described in several discrete regular geo- O\“‘g‘"

metrical form. If the object is laying on the ; ., g

. plane, 3 degree of freedom of the object S g fe T ” ~
" will be lost and hence it will introduce many - , . N
constraints to approach the object. The Approach phase . - Initial touch i Initial grab Stable phase
visual sensor can be used to identify the §, e phase s, POSE

jocation and the shape of the object such

"that finger orientation can be decided. - < Fig 3: Phases of two finger stable grasping.
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Initial touch phase: The condition when any one of the fi

. | f nger senses the contact is initial : is local
contzuc:tt will J:jott gcl:e;hcorgpletg information of the orientation of the object. If the object rﬁo:gzcxhﬂzatsguc?;g tt:gulg;?e
cgrr‘\ta r_ncarru cae e 5eSf IIFIECUOH of the motion. The rotation centre indicates where the bulk of object is so' that the
other finger can successfully grab it. During the approach phase and initial grab phase, it is important to havé low stiffness
and velocity of the fingers to prevent parts from flying away from finger due to impa'ct =

Initial grab phase: When two fingers successfully intercept the obj i :
object may translate or rotate, if the force applied is not iollineg-bla?rc;'ot:;o:?gem el i

Stable grasp phase: To achieve the stable grasp the conditions of stable j i j
repositioning the fingers may be necessary for the optimal gripping posiuog,msp ot s satiafed; Thespaei=taiinorel

Gripping Positions

Walter (1985) studied the problems of automatically determining grippi iti ;
geometrical knowledge of the object and its environment. 9 aripping. posfiors for"ty finger grippce Gassil lipor

When a polyhedral part is gripped by a paralle! finger gripper, the grip pose in part co-ordinate system is given by tuple (g,
va, vo). Where 9 I:S position vector, va is unit approach vector parallel to the axis of the finger and vo is the unit orientation
vector perpendicuiar to the pads of the finger. The fast computation is important so that the algorithm can be used in real
time s‘ystem.. The information can be collected from the feedback system or from the sensors installed in the gripper. If
there is a prior knowledge of information, the computations can be done off line.

The set of possible grip positions can be generated which satisfies the condition for stable grasp. The optimum tuple can
be determined and others can be discarded. Following strategies can be used for determining grip position.

1. Determine set of grip position for the part.

1.1 Select pair of grip positions for the part.
* nearly parallel and opposite to each other
* separated by less than maximum opening of hand, each such pair determines orientation vector vo

1.2 For each set of selected surface generate a finite set of possible approach vector, va.

1.3 Check for the interference between finger and ob-
ject, discard those that fail. For each feasible vec-
tors choose a possible grip g, close to centre of
mass.

Object
Constraints

Task
Constraints

2.  Evaluate these feasible grips according to slippage
and twisting criteria. Discard those falling below
some set of threshold value. Rank them according

to combination of these criteria. Feasible Gripper E)ptimum
Grasp Space Constraints Grasping

3. Beginning with the highest ranked grip, check for

the interference with the obstacle in its approach Region
and select the grip which satisfies all constraints.

The problem of choosing a grasp based on analytic grasp

models, quality measures, and constraints are illustrated in Fig. 4: Optimum grasping and constraints

Fig. 4.

Manipulation with dextrous hand

<k in robot hand. Fig. 5 represent one form of modelling of two fingered hand where sgveral
g of grasping and manipulation. In actual practice there are non-linearity in the
ds and grasped object and in drive train or actuator mechanism. Fearing (1986)
nd assumed that finger force are much more than inertia force and
developed the equation for the finger force at another finger to

The manipulation is complex ta
issues are involved in analytical modellin
contact conditions between soft finger pa
considered the static condition of two fingered gripper a
frictional force. Assuming one finger as fixed, Fearing
achieve stable grasp.
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Fig. 6 graphically describes the behaviour of the force angles with respect to friction angle for the object shown in f;
is rotated by angle {). The figure shows the initial conditions of the finger 1 outside the friction limit, and finger »
The rotation of the object occur until the force angle for finger 1 gets inside the friction cone. Fig.7 also explains

9 2 ang
Within,
the limit

on the vortex angles or graspability. In figure (a) both the fingers are outside the friction cone, hence there is 3 slip at both

the fingers. Finger 2 will be with in the friction cone in figure (b) but the rolling is stil continuing. The object

is

Counter clockwise due to moment. By the time the force of finger 1 reach with in friction cone, force of finger 3 will be
out, hence starts slipping. In this way the limit of vertex angle for fixed friction angle can be illustrated.

m

(a) Shp at both fingers

o2

Shp

m

a) n
m !

n
Fz F 2 ?
nz

Fa

(b) Rotation about finger 2 (¢} Shpping from grasp

Outside stable
grip
v

Rolling

(d) Graphical representation of cases a, b and c.

Finger 1

I %

|1

0.0) ’!\9 Object

8 Finger 2

Fig. 6: Polar stiffness
representation.
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Fig 5: Ungraspable object.
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Friction limit

Object [~ o |
vortex Sli ino
o2 5
Rotation ! Finger2
o . |

Unstable grasp

Rotation angle B

-

Stable grasp region

Fig 7: Graphical representation of force angle and behaviour of grasp
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