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(Abstract)

The focus of this paper is to design and control a three fingered hand system with
eight axes for smart factory with an flexible controller, and to keep a useful big
database for dynamic manipulation based on the experimental results. The weight of
the hand module is only 1.2 kg, but flexible motion and powerful grasping are
possible. To achieve such a flexible motion control of a robotic hand, we have
developed a robust and precise fingered hand with a control system incorporating
image recognition system in which we deal with the problems of not only accuracy
and range of motion but also the flexibility of hand. The fingers are arranged so as to
grasp both circular and prismatic objects. In order to achieve the light mechanism, we
reduced the number of joints and fingers as much as possible. In this study, it was
used three fingers with eight axes which is the optimal number to achieve a robust
grasping diverse shape parts for smart factory.
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1. INTRODUCTION

The development of robotic hand finger for
implementation of flexible operations in
working cell space is grow and cover a
relevant part of flexibility and mobility of
hand fingers.

With this respect, as already demonstrated
in the industrial environment, the end effector
is a very simple device with poor sensoriality
and limited operational capabilities. Besides
the numerous prototypes of articulated robotic
hands, developed in more than 20 years of
research, mainly in academic environment,
among many others, limited effort has been
devoted to research and evaluate alternative
solutions, maybe simpler from the mechanical
point of view than a multi-fingered hand, but
with sufficient dexterity to perform in any
case non trivial operations on a wide range
of objects.[1],[2]

At the moment, this hand finger is installed
on a six degree of freedom arm, see Fig. 1.
In order to emulate the capabilities of the
arm and to develop suitable coordinating
strategies taking into account the kinematics
capabilities of the whole arm/hand finger
system.

Therefore, referring specifically to the case
of space applications, a scenario could be
considered in which operations have to be
performed in a no-gravity environment,
where objects cannot be constrained and are
therefore free to float in space.

2. HAND FINGER SYSTEM DESIGN

The
considering its installation on the articulated

hand finger has been designed
robot arm proposed. This system aims to
substitute  the
operations with a semiautonomous robotic

astronauts in  periodical
device.[3]

The end-effectors for the robot manipulator
needs therefore compactness, simplicity and
reduced weight as well as capability of
operation even on irregular floating objects.

Besides the 9 axes hand finger, main
objective of this research, the overall robotic
system consists of the following main
components: a 8 axes arm with an “open
control” a standard force/torque sensor at the
wrist and a vision system.These components

are schematically shown in Fig. 1

Fig. 1 The structure of hand finger

The hand finger has three 8 axes fingers.
In each finger, the finger tp and 1 finger
link can move on a linear trajectory by the
linear motor but the other finger links and
wrist part can move on an anger rotation
trajectory by the Coreless DC Motors. These
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fingers are disposed radically, in a symmetric
configuration as shown in Fig. 1. The Hand
system has total 8 axes, enough for hand
type of flexible
This kinematics configuration has

finger to catch many
subjects.
several interesting features, as described in
details in, including the capability of firmly
grasping objects with irregular shapes and
with a rather wide range of dimensions.

In this manner, it is possible to control the
motion of each finger, its distance from the
object and the forces applied on it during

the grasp.[4],[5],[6]
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Fig. 2 The overall system of robot hand control
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Fig. 3 The flowchart of robot hand control based
on F/T sensor

3. FLEXIBLE CONTROL OF ROBOTIC
HAND FINGERS

The real time control of the hand finger is
based, at the moment, on standard HW/SW
components. The control is performed with a
DSP (TMS320C40) board connected to the
motor drives and to an input board for the
This board has
designed because of the
number of signals to be acquired in real-time.
Currently, the DSP is hosted on a PC. From
the software point

SEnsors. been purposely

relatively  high

of view, besides a
real-time kernel on the DSP board, an
interface between the DSP and the PC has
been developed, allowing using both real-time
software and high-level environments for user
interface.[7]

At the moment, the control system level
has been implemented considering a simple
logic switching between three classes of
controllers: a position control (based on the
position sensor), a proximity control (based
on the proximity sensor) and the force
control, based on the force/torque sensor.[8]

The set points and the controlled variables
of the servo loops are considered according
to two main modalities: position control or
proximity control. In the first case, the

absolute position of the fingertip is controlled

by planning the desired motion with a
fourth-order ~ polynomial  function  and
assigning the desired motion time. The

controlled variable is the position x (the
radial distance from the center of symmetry
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of the hand finger) of the fingertip obtained
by means of the forward kinematics from the
joint position measured by the Hall effect
sensor.[9]

Fig. 4 Hand system and its fingers in configurations.

Table 1. The actuator’s specification

Motor type Coreless DC Motors
Operating voltage [V] 24
Max. kgggncl;gn ]torque 19.0
Max. speed [deg/sec] 90
Weight [g] 55
Reach [mm] 450
Payload [kg] 1.0
Repeatability [mml 0.5
Operating angle [deg] 355

Communication RS-485

In the second case, the controlled variable
is the distance of the finger with respect to
This modality is
activated when the finger is sufficiently close

the approached object.

to the object. The controlled variable is now
the distance from the object, as measured by
the proximity sensor. This information can be
used both to start the grasp of the object Gf

all the fingers are at the same distance from
it) or to maintain constant the distance
between the finger and the object.

The Force/Torque control of each finger is
based on a classical PI controller, a difficulty
has been the compensation of nonlinearities
caused by the actuation system, in particular
a relevant (and non constant) dead zone and
the nonlinear characteristic of the hall effect
F/T sensors. At the moment F/T control can
be classified as a simple compliance control
specifying  the
parameter K, see Fig. 5.
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Fig. 5 The structure of control scheme
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Obviously, a  proper

between the above three control modalities

switching  logic
must be adopted in the different phases of
the execution of the tasks in order to ensure
a smooth behavior of the hand finger.

The prototype of the hand finger has been
installed on a eight axes anthropomorphic
robot, a vertical type articulated robot with
open- control architecture, a PC connected
to the standard robot controller and equipped
with a force/ torque sensor on the wrist. The
open control architecture allows in particular
synchronizing the tasks of both the hand
finger and the arm for micro-motion during
task execution.[10]

The time OS this
application is Windows XP running in our
case on a Pentium IV PC. This PC may carry
out the robot position control, based on the
feedback provided by the position sensors,

real chosen for

the wrist force/torque sensor and by the
vision system. At the same time, the operating
system allows the communication between the
robot control task (executed as real-time
procedure in the Windows XP environment)
and the corresponding routines on the DSP
board for the hand finger control.

It is possible to control the robot under
Windows XP in two main modalities. In the
first, the servo loops for each actuator are
performed, the standard robot controller. In
this modality, a new position set point is
generated by the PC every 10 msec. In the
second case, the PC performs directly the
control of each actuator, with a sampling
period of 1 msec.

K
Table 2. Shows the Specifications of F/T Sensor
Items Specifications
Load Range 0-800 grams
Linearity + 20 grams F.S.
Repeatability + 20 grams
Material Plastic Body
Temperature Range 40 to 120 ° F
Output 0.054 mv/v/g
Bridge Resistance 10k ohms nominal
Excitation 10 Vdc
Safe Overload 2000 grams
4. EXPERIMENT AND RESULTS
Examples of these experimental set-ups

shown in Fig. 6, the results are shown in
Fig. 7 - Fig. 8. In Fig. 7, the three fingers
first approach a fixed object until each of
them is at a desired distance from it, then
the contacts are applied. Fig. 8 shows an
experiment involving force control of gasping
the object. In Fig. 8, phase 1, 2 are the
preparing phase to gasp the object. Phase 3,

(a) approach

{c) moving

(d) zetting

Fig. 6 Experiments set-up
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4 shows the application force is controlled,
in this case, the reference force is changed
during hand system force to show the
effectiveness of the force control. At the end,
the phase 5 shows the object is released and
the force is null.

A number of laboratory experiments have
been performed both on single finger
modules and sensorial/actuation subsystems in
order to test the efficiency of each finger
structure and of the control system. The
validation has also included verification of the
procedures for the object approach, based on
the use of both the distance and the position
sensor information, and the use of the

force/torque sensors.
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(b)) Position of approach

Fig. 8 The experiment results of fingers
performance test

Concerning the approach and contact

that the
possibility of independently moving the fingers

phases, it must be observed
has noticeably increased the capability of
grasping moving objects. As a matter of fact,
the object may be tracked with a coordinated
movement of both the arm and the fingers.
Once the motion is tracked, the grasp may

be firmly applied without loosing contact.

5. CONCLUSION

We proposed a new technique to design
of a three-fingered with 8
degrees of freedom robotic hand finger for

and control

real application in manufacturing process.

It presents a very large workspace with
respect to its grasping range, and is capable
of operation both on small and on large
parts; its sensory equipment seems to be
sufficiently flexible and more than precise for
The
illustrated by the performance test of the

the expected tasks. reliability ~was
hand fingers in particular with respect to the

force control and to the possibility of
applying simple manipulation procedures on
the grasping and moving diverse shape
objects.

The future research will be implement the
improvement of flexibility and intelligence in
control of grasping and handling for smart

factory.
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