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Abstract—The design of multi-fingered robot hands have
been one of the major research topics since grasping an
object and are crucial functionalities of several robotic
systems, including industrial robots, mobile robots and
service robots. The author considers the problem of model-
based control for a multi-fingered robot hand. This paper
introduces an integrated design process for the design of the
five fingered gripper suitable for dexterous motion by using
simulation and experiment of prototype. To facilitate an
integrated design of gripper finger, the author applied
Matlab/Simulink (SimMechanics) and Inventor software
packages, respectively. Multi-closed loop with the robust
control of PID is applied to control both kinematics and
dynamics motions of the five fingered gripper systems. To
obtain the optimal trajectory planning approach using
motion reference and integration of planning control for
virtual actuators at each joint of finger gripper system. The
analysis of experiment result shows the trajectory angular
position of each finger link moves towards quickly to
achieve the trajectory angle target with small error signal
and overshoot.

Index Terms—multi fingered robot, kinematics and

dynamics motions, robust control of PID.

I.  INTRODUCTION

Robot technology has seen development to support
both the needs of industry and human life. In human
interaction the robot is usually considered to interact with
the end user using ‘hands’ whist in industrial activity the
‘hand is usually termed as a ‘gripper’. The robotics
programmed to accomplish complex issues that interact
with the environment.

Robots designed to interact with humans in a human
manner will often require the hands and such robotic
systems are referred to as humanoid. There are several
published studies into the development of human hand
behaviour into humanoid [1]. Other humanoid research
has been more focused on applications such as humanoid
robot [2]. In each of these cases their hands have been
designed to conform to different criteria.

A robot gripper is the physical realization of an
electromechanical system to perform physical handling
tasks automatically. A robot griper is an essential element
of the robotic system and it is designed to suit industrial
application to typically grasp, carry, manipulate and
assemble the components. Greg Causey has shown that
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proper gripper design can simplify the overall assembly,
improving overall reliability system, and reduce
implementation costs, and grippers have been widely
used for automated manufacturing, assembly and
packaging, etc. [3].

During the last three decades, the application of robotic
grippers has gradually developed for grasping a variety of
tasks from using a simple mechanism to multiple degree
of freedom of design. Most robotic grippers have been
specifically designed only to grasp on certain traditional
forms of object. In this study the author has researched
into the design, analysis and synthesis of sophisticated of
five fingered gripper.

The design of a gripper finger is a difficult task with
many considerations such as task requirements, geometry
of gripper and the complexity of mechanism[4].
Traditionally, a physical prototype is necessary to truly
test a hand’s ability to perform a variety of tasks, but this
can be quite costly with potentially many design
iterations being required. However to reduce prototyping
costs, simulation techniques provides another tool which
enables the modern designer to model (simulate) the
kinematics and dynamics of physical systems and to
quickly investigate the performance of the design.
Simulation has been recognized as a powerful tool for
supporting the design, planning, and analysis of dynamics
performance of robotic grippers [5]. In this work
simulation results and visualization of the dynamics of a
robotic gripper are presented.

In this research study, the author has focused upon
investigating how to develop the modeling and
controlling the dexterous of five fingered gripper. The
gripper finger can grasp and manipulate the engineering
component. In this study, authors will build both a design
and a prototype robot gripper five fingers. This gripper
design will resemble a human hand. This robot will have
11 rotary joints (revolute joint). PID control is used to
control the kinematics and dynamics robot gripper to
achieve the best performance include quickly response
and high accuracy respectively.

The application of PID control in simulation for the
five fingered gripper is capable to accelerate the motion
response gripper fingers. Quickly response makes driving
a small error signal so as the calm conditions (steady state)
will be obtained very quickly as well. PID control system
design with Matlab software is robust control to achieve
the good performance [6].
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Il. METHODOLOGY

A. Research Description

From 1978 to 2011, the work undertaken on gripper
design has gradually developed from simple kinematic
arrangements into the multi-degree of freedom design.
From the evaluation of gripper design, and the functional
needs for assembly the author’s has identified that a five-
fingered gripper with multi-degree of freedom is the
minimum needs for the dexterous assembly of
engineering elements.

Computer aided design software package is a powerful
tool to design any physical system in 3D solid modelling
in a virtual environment. CAD is especially useful for
author to design multi-degrees of freedom (DOF) gripper
finger. However, the author needed several software tools
to design and control the dynamics performance of a five
fingered gripper. This research study addresses the
integration of two software packages; Inventor and
MATLAB/Simulink/SimMechanics.

Using SimMechanics, it becomes possible to model
and simulate mechanical systems with a suite of tools to
specify bodies and their mass properties, their possible
motions, kinematic constraints and coordinates system
and to initiate and measure body motions [7]. In this work
simulation results and visualization of the dynamics of a
robotic gripper are presented.

The design of robot finger is made in Inventor
Software as follow the dimension of human finger. The
illustration of finger design transfer from 3D to block
diagram in MATLAB/Simulink is shown in Fig. 1. The
finger design in 3D will be exported in form of xml-file
and it change to diagram block in
MATLAB/SimMechanics. SimMechanics tool provides a
reserve to deriving equations and performing them with
base blocks. To create a SimMechanic model, the
mechanical system should be break down into the
building blocks.

Figure 1. The process of design robot gripper

Simulation has been identified as a significant study
tool for robotic systems since the early of the 20th
century [8] and now simulation methods area powerful
tool supporting the design, planning, analysis, and
decisions in different areas of research and development.
Now, Simulink has developed in many directions: adding
more blocks, built-in algebraic loop solving, and a
physical modeling of toolboxes.

The author has shown through the demonstration of
simulation that it is suitable for the fundamental building
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of mechanical systems. A fundamental of this work is the
use of Matlab/Simulink Toolboxes to support the
simulation and understanding of the various dynamics
systems and in particular how the SimMechanics toolbox
is used to interface seamlessly with ordinary Simulink
block diagrams to enable the mechanical elements and its
associated control system elements to be investigated in
one common environment.

The design process, simulation and experiment method
for the five fingered robot gripper is shown in the flow
chart of research in Fig. 2.
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Figure 2. Flow chart of research

B. Architecture of Robot Finger

In order to demonstrate the expediency of the
described robot hand approach, authors have developed a
three fingered hand prototype by developing model ina 3
dimension model with Solid works software [9].
Actuators, position sensors and force sensors have been
integrated in the hand structure.

Figure 3. Five fingered gripper design

The dexterous robot gripper is equipped with four
identical fingers (index, middle, fourth, little finger) and a
thumb. An actuator is installed in each joint of the fingers
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and thumb. The joints of the finger, the distal
interphalangeal (DIP), proximal interphalangeal (PIP)
and metacarpophalangeal (MCP) joints each have 1 DOF
to provide a rotation movement. The architecture of the
five fingers is show in Fig. 3.

The thumb has been designed in order to complete the
hand and it has two degrees of freedom. The thumb is
both able to flex and extend. The index, middle, forth and
little finger prototypes have been designed such that each
finger has three degrees of freedom. In order to simulate
the finger motions each revolute joint has an associated
Servo DC motor attached to it. The extension finger tip is
also controlled using a DC motor Servo driving a rack
and pinion.

C. Mathematics Model for DC Servo Motor

DC servo motor is used to drive six joints in finger
robot. The author presents the mathematics model for DC
servo motor as follows.

0(s) Kin 1
Ea(s)  s[LgJs?+ (Lqf + Ra)) + Rof + KenKp] @
where,

Ra= armature resistor, ohm

La= armature inductance, Henry

ia= armature current, ampere

ea= applied armature voltage, volt

eb= feedback voltage, volt

T= torque motor, N-m

J= Moment inertia motor, kg-m?

f=Coefficient viscous motor and load, N-/rad/sec

The equation 1 is the transfer function of DC servo
motor which is used to drive the motor in each finger link.
The mathematics model is applied in block simulink and
illustrate in Fig. 4.
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Figure 4. The transfer function of DC servo motor

D. Trajectory Line

The trajectory planning is necessary to generate the
reference inputs to the motion control system, which
ensures that the gripper robot executes the planned
trajectories. The minimal set of requirement for a gripper
robot is to be able to run from an initial position to a final
assigned position.

The input of trajectory planning algorithm is the path
description, the path constraints and the constraints
imposed by a gripper robot dynamics, whereas the
outputs are the joint trajectories in terms of a time
sequence of the values attained by position, velocity and
acceleration.

Position control is used when the robot finger must be
moved with or without load along a prescribed trajectory
through the mobile robot workspace. The control system
of mobile robot is merely a collection of joint controllers
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each of which is presented to a single joint to drive it
individually. The reference signals for these controllers
are supplied by a joint trajectory generator determining
the desired joint trajectory from the desired trajectory of
the mobile robot.

E. Robust Control Strategy

The control of robot hand is responsible for ensuring
that the hand firmly grasps and that corresponding finger
in the presence of external forces applied to the object.
These forces may require high values of contact force at
the fingertip to get the stability response. To solve these
problems Kazerooni in 1990 published a control law
adopted the relationship between the interaction force and
position trajectory [10].

A considerable body of research has been undertaken
on robotic hand system with robot force control and
planning related to the entire device and the significant
developments are as follows,

Okada developed robotic hand to handle objects which
is suitable to suppress the rapid change of the grasping
condition during a complex finger motion. The finger
control consists of a hybrid position/torque servo
implemented in hardware. Robot hand Okada has shown
to understand and manipulate objects under position
control mode [11].

Salisbury had presented control algorithms for
achieving the stable force control and involving the
relation between position and applied force, stiffness
control with feedback of position only and stiffness
control with force feedback correction [12]. This force is
converted to joint torque commands and the resulting
endpoint motions. Force control has been applied to robot
hands [13] and [14]. The implementation of a controller
and a brief of description of programming language for
the Salisbury hand were presented [15]. He introduced
the concept of a grasp frame that is calculated as a
function of the positions of the finger tips. A summary of
issues involved in low level control of the Utah-MIT
hand was presented [16].

The impedance control methods are developed for
dexterous robot fingers which has relation between
velocity and applied force [17]-[18] and [19].

In 1997 DLR’s dexterous four robot hand is designed
as a dexterous robot hand with a semi anthropomorphic
design. The application of robotics hand systems in
unstructured environments required the dexterous
manipulation abilities and facilities to perform complex
remote operations. Therefore this robot hand has
developed both of new design sensors as 6 DOF fingertip
force torque sensor and integrated electronics with new
communication architecture [20].

Bekey proposed the control strategy of Belgrade robot
hand focused on how to find suitable grasp postures and
poses for the task and how to use the multi-dimensional
grasping quality in grasp mode selection and performance
evaluation in an industrial assembly domain [21]. The
Belgrade robot hand is used to graspa variety of objects
and capable to adapt while applying simple control
architecture based on the principles of non-numerical
control to drive the hand.
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The real time control and coordination of the
manipulation package (RCCL/RCI) has been adopted in
UB robot hand. RCCL/RCI developed for the control of a
single robot has been modified in order to cope with
peculiar characteristic of the UB hand system [22].

Position control is used when the robot finger must be
moved with or without load along a prescribed trajectory
through the robot finger workspace. The control system
of robot fingers is simply a collection of joint controllers
each of which is dedicated to a single joint and drives it
individually. The reference signals for these controllers
are supplied by a joint trajectory generator determining
the desired joint trajectory from the desired trajectory of
the gripper.

The joint controller is a feedback controller having two
terms respectively proportional to position and velocity
errors and introducing proportional and derivative actions
(PID control). An advance PID control with auto tuning
has been applied to control the kinematics motion in the
joint angles of each of the fingers. By tuning suitable
values of the three constant gains in the PID controller
algorithm, the controller has been found to provide the

necessary control action for specific process requirements.

The suitable gains of Proportional gain (Kp), Integral (Ki)
and Differential gain (Kd) value are determined by auto
tuning to achieve a fast response to steady state (setting
tune) without excessive overshoot. The error signal is the
difference between reference input angle and actual
output angle of the system. Parameter Kd works on the
change of the error signal, so it can reduce dramatically
overshoot effects to reach steady state response.
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Figure 5. Robot gripper control
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Figure 6. Visualization of griipper finger motion

I11.  RESULT AND DISCUSSION

A. Simulation Result

The simulation results visualization of gripper five
fingers kinematics motion are shown in Fig. 6. In this
gripper robot animation, the fingers gripper move to open
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and close. In this task there are five position
configuration set points of finger which can operate by
simulation in Matlab/SimMechanics. Curve signal as
input desired is provided in this task to produce the
various fingers motion. In this paper, the author’s shows
the angular position graph in five fingered gripper robot
as shown in Fig. 7.
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Figure 7. Simulation of angular position gripper finger control

The wvarious input references are examined into
simulation to determine some responses from each
actuator in 20 second. The visualization of the motion
gripper simulation is show in Fig. 6. The simulation of
actual response shows the servo DC motor motion has
achieved the steady response at + 1,301 with minimum
overshoot at #6,35% .

The thumb moves to touch the index finger where an
actual angular position in thumb moved from 0° to 70° in
5 seconds. The signal error towards closed less than 1%
which it indicates the response dynamic system response
is stable.

Figure 8. The process of five fingered gripper building

B. Experiment Result

The second method is examination of prototype of the
five fingered robot gripper. The process to build of robot
gripper prototype can be seen in the Fig. 8.

The prototype of five fingered robot gripper is
connected to an Arduino Mega AT 2560 as a
microcontroller and it shows in Fig. 9 as follows.

The input references are provided to simulation and
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experiment process. The actual angular position response
into an experiment of robot finger is shown in Fig. 10 to

Figure 9. Five fingered gripper experiment
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Figure 10. An actual angular position in a little finger joint
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Figure 13. An actual angular position in an indext finger joint
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An actual angular position in 1st joint of thumb
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Figure 14. An actual angular position in 1 joint of thumb
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The overshoot signal in experiment of prototype is
higher than in simulation process because there are many
disturbance inputs in experiment process such as torque
disturbance, viscous disturbance etc., respectively. When
a given reference value is fixed with a long time, small
oscillations will occur in prototype testing. While the
simulation test looks linear oscillation does not occur.
The number of oscillations that occur in the joints of the
thumb is due to the weight-bearing joints of the thumb
movement. Effects of External mode is used in the initial
prototype testing that the motor moves at 90 “so that the
test results is obtained initial chart movements condition
is not from zero.

The results of prototype testing showed that the time
required to drive the motor is longer than the simulation
testing. Prototype testing results are not much different
from the simulation test results, that the servo motor takes
a few seconds to achieve a given reference angle. The
occurrence of oscillations in the prototype test results is
caused the sensor to experience disturbances outside the
non-linear.

IV. CONCLUSION

The physical model of the five finger robot gripper is
built using SimMechanics software and the application
Simmechanics has also been verified with identical
outputs when compared with Simulink simulations. These
studies indicate that each finger of the gripper can be
controlled using the robust control of PID formulation.
PID control is very effectively used to control the
trajectory of the fingers. The simulation results have been
demonstrated that the radius of finger movement is
achieved in stable response. The signal error towards
closed less than 1% which it indicates the response
dynamic system response is stable.

The error signal for the five fingered robot gripper
prototype experiment is around 1.5% with less high than
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error signal in simulation process because there are many
disturbance inputs in experiment process such as torque
disturbance, viscous disturbance etc., respectively. By
using the robust PID control can control the robot gripper
with the best performance.
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