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Abstract
Robotic Technology is an imitation for human beindt is an electro mechanical modelling objectg® amportant aspect of
manipulator. A Manipulator is a machine able towdrithe robot. This paper describes and investigatesffective pay-load torque
responses, tip-vibrations. This paper presents ftiadeand simulation of the double link manipulatasing the proposed PID

Controller.

Here the proposed Ziegler-Nichols prdjmnal—-integral—derivative controller (PID contrigr) initiates more

advantageous in the view of better performance #xible operation of manipulator. First, the elextmechanical object was
modeled and simulated using State space technidei® the torque responses and end tip vibratiores assigned by state space
variables. The entire two link manipulator topologgs investigated and modeled, simulated. The pegoontrol strategy carries a
back —back feed forward controller can be usedifoxible operation of manipulator. Here, the simtida was done by using M-File

Technique in Control tool box of MATLAB.
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1. INTRODUCTION

The robot technology is advancing rapidly. The stdy is
moving from the current state of automation to t&ation, to
increase productivity and to deliver uniform qualiRobots
like and robot like manipulators is how commonlyptayed
in hostile environment, such as at various planesni atomic
plant for handling radioactive materials. Robotg &reing
employed to construct and repair space stationssatedlites.
There are now increasing number of applicationgatiots
such as in nursing and aiding a patient .Micro tslaoe being
designed to do damage control inside human veioboRR
like systems are now employed in heavy earth-moving
equipment. It is not possible to put up an exhaaslist of
robot applications. One type of robot commonly ugedhe
industry is a robotic manipulator or simply a marngtor or a
robotic arm. A Manipulator is a machine that hascfions
similar to human upper limbs, and moves the objsgtially.
The Robotics Industries Association (RIA) of USAides the
robot as “A reprogrammable, multifunctional mangtot
designed to move material through variable prograthm
motions for the performance of a variety of tasks”.

Review of the research work reveals that much viak been
done on various aspects of control of manipulatsiag PID
controllers, nonlinear PD controllers, differenga@iithms etc.,

but the results are not generalized fit well to rggae.
Thambirajah Ravichandran, David Wang, Glenn Hepelel
studied on numerical optimization techniques for
simultaneously optimizing design parameters oflmR+igid
manipulator and a nonlinear gain PD controller giesd for
performing multiple tasks. They cannot make it tadyg the
vector optimization for generating the entire sétoptimal
solutions to simultaneous design optimization methagy.
Reza Fotouhi-C, Walerian Szyszkowski, Pete N. Mikik, et
al studied on two phase trajectory planning fowa kink rigid
manipulator using two stages. Geometric trajecfdanning
and speed control using a nonlinear scaling of tiaméable. It
was demonstrated that specified velocity is to diéoved.
J.W.S. Chong, S.K. Ong, A.Y.C. Nee, K. Youcef-Youstial
studied the use of an augmented reality(AR) envirent for
facilitating intuitive robot programming, and prete a
methodology for planning collision-free paths for a-d.o.f.
(degree-of-freedom) manipulator in a 3D AR enviremin
The methodology is interactive because the humanwaved
in defining the free space or collision-free volu(@#V), and
selecting the start and goal configurations. Anto’bopes,
Fernando Almeida et al studied on position corgll
commercial industrial robot. Combination of the two
manipulators behaves as a single manipulator hatey
impedance and force control dynamic performancethef
RCID, as well as the workspace and trajectory fragk
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bandwidth of the industrial robot. Force-impedanoatrol of
the RCID, and experimental results on typical tagkat
involve end-effectors contact with uncertain enwirents of
unknown stiffness are presented. Alessandro Gaspare
Vanni Zanotto et al studied on a technique for ropti
trajectory planning of robot manipulators. The pmegd
technique enables one to take into account kinemati
constraints on the robot motion, expressed as upmands on
the absolute values of velocity, acceleration aedk.j The
algorithm has been tested in simulation yieldingdjoesults,
also in comparison with those provided by anothgodrtant
trajectory planning technique. Changhoon Kim, Ja€kung,
Daehie Hong et al studied on robust feedback linaton
utilization to minimize the undesirable effect okternal
disturbances such as static and Coulomb fricti@hraomlinear
compliance of the pneumatic cylinder stemming freme
compressibility of air. The developed coordinatioantrol
method demonstrated its efficacy in terms of debgrr
accuracy and speed. Karim Abdel-Malek, Jingzhougyetnal
studied on algorithm and accompanying experimecadk is
aimed at calculating the volume swept by an oljetd by the
end-effector of a robotic manipulator. A generalnialation
has been presented that addresses this motiomltbas the
visualization of the volume which the robot has give

2. OVERVIEW OF DOUBLE LINK
MANIPULATOR

To perform an assigned task or to attain a degomition, a
manipulator is required to accelerate from reshvdl at
specified path, and finally decelerate to stop.ateomplish
this, trajectory, controlling torques is applied thye actuators
at the manipulator joints. This torques is compuiedn the

equations of motion of the manipulator, which ddszrthe
dynamics of the manipulator. The dynamic model é&yv
useful for mechanical design of the structure, chobf

actuator, computer simulation of performance, deteation

of control strategies, and design of control systérhe

dynamic model and generated trajectory constitieinputs
to the motion-control system of the manipulatore froblem
of manipulator control is to find the time behaviof the

forces and torques delivered by the actuatorsXecwting the
assigned task. Both the manipulator motion conamdl its
force interaction with the environment are monitbiey the
control algorithm. The above exposed problems lg#éid to
the study of control systems for manipulator andess

techniques.

X

Figure.1l.Double link rigid manipulator

The tasks to be performed by the manipulator aréo(inove
the end-effector along a desired trajectory, andd2xtract a
force on the environment to carry out the desieskt The
controller of manipulator has to control both taske former
is called position control (or trajectory contralhd the latter
force control. A schematic sketch of a typicahtroller is
shown below.

The positions, velocities, forces, torques are ek by

sensors and based on these measurements and thed des

behavior, the controller determines the inputshi dctuators
on the robot so that the end effector carries lveittesired task
as closely possible.

3. PROPOSED CONTROLLER FOR
MANIPULATOR

A Ziegler-Nichols proportional—integral-derivativentroller
(PID controller) is a generic control loop feedbackchanism
widely used in industrial control systems. A PIDntoller
attempts to correct the error between a measuredegs
variable and a desired set point by calculating #meh
outputting a corrective action that can adjust firecess
accordingly.
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Figure.2. Block diagram of Ziegler-Nichols PID controller

The PID controller calculation (algorithm) involvetiree

separate parameters; the Proportional, the Integad

Derivative values. The Proportional value determirtbe

reaction to the current error, the Integral deteesi the
reaction based on the sum of recent errors an@®éneative

determines the reaction to the rate at which ther éras been
changing. The weighted sum of these three actionseéd to
adjust the process via a control element sucheapdkition of
a control valve or the power supply of a heatingrednt. By
"tuning" the three constants in the PID controdilgyorithm the
PID can provide control action designed for spediffocess
requirements.

The response of the controller can be describeerins of the
responsiveness of the controller to an error, thgrek to
which the controller overshoots the set point dreddegree of
system oscillation. Note that the use of the Pigpoathm for

control does not guarantee optimal control of thstesm or
system stability. Some applications may requirengisbnly

one or two modes to provide the appropriate systenirol.

This is achieved by setting the gain of undesiredtrol

outputs to zero. A PID controller will be calledPg PD, P or |
controller in the absence of the respective coraations. Pl
controllers are particularly common, since derivataction is
very sensitive to measurement noise, and the absehan

integral value may prevent the system from reachimtarget
value due to the control action.

3.1 Ziegler-Nichols PID Tuning

If the PID controller parameters (the gains of pheportional,
integral and derivative terms) are chosen incdyedhe
controlled process input can be unstable, i.e. otgput
diverges, with or without oscillation, and is limit only by
saturation or mechanical breakage. Tuning a combap is
the adjustment of its control parameters (gain/pripnal
band, integral gain/reset, derivative gain/rate)ht® optimum
values for the desired control response. The optirhehavior

on a process change or set point change variesdieyggeon
the application. Some processes must not allowvanshoot
of the process variable beyond the set point if,efeample,
this would be unsafe. Other processes must minirttiee
energy expended in reaching a new set point. Glyera
stability of response (the reverse of instabilig/yequired and
the process must not oscillate for any combinatibprocess
conditions and set points.

Table 1 Comparison of Different Controllers

S.No Method Advantages Disadvantages
1 Manual less more
Tuning
2 Software | medium more
Tools
3 Cohen- more more
Coon
4 Ziegler— more Less
Nichols

Some processes have a degree of non-linearity and s
parameters that work well at full-load conditionsnd work
when the process is starting up from no-load. T@stion
describes some traditional manual methods for taojng.
There are several methods for tuning a PID loope Tiost
effective methods generally involve the developnafrgome
form of process model, and then choosing P, |,2hdsed on
the dynamic model parameters. Manual tuning metbadse
relatively inefficient. The choice of method willegdend
largely on whether or not the loop can be taketlihaf" for
tuning, and the response time of the system. Iftstem can
be taken offline, the best tuning method often Ines
subjecting the system to a step change in inpuasoméng the
output as a function of time, and using this resgomo
determine the control parameters.

3.2 Proposed Control Algorithm

The basic ziegler-nichols PID algorithm presentameo

challenges in control applications that have bedrressed by

minor modifications to the ziegler-nichols PID farrdne

common problem resulting from the ideal zieglethois PID

implementations is integral windup. This can beradsed by:

1. Initializing the controller integral to a desiredlve

2. Disabling the integral function until the PV hastezed
the controllable region

3. Limiting the time period over which the integrakaris
calculated

4. Preventing the integral term from accumulating aov
below pre-determined bounds

Many ziegler-nichols PID loops control a mechanidalice
(for example, a valve). Mechanical maintenance bana
major cost and wear leads to control degradatiothénform
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of either station or a dead band in the mechamasgonse to
an input signal. The rate of mechanical wear isnigaa

function of how often a device is activated to makehange.
Where wear is a significant concern, the zieglehais PID

loop may have an output dead band to reduce thedrey of
activation of the output (valve). This is accomipdd by
modifying the controller to hold its output stedtithe change
would be small (within the defined dead band rangdje

calculated output must leave the dead band befmettual
output will change.

The proportional and derivative terms can produEessive
movement in the output when a system is subjeatednt
instantaneous "step" increase in the error, such lasge set
point change. In the case of the derivative tehis, is due to
taking the derivative of the error, which is vegrde in the
case of an instantaneous step change. As a resutie
ziegler-nichols PID algorithms incorporate the daling

modifications. The Derivative of output In this eashe
ziegler-nichols PID controller measures the deiabf the

output quantity, rather than the derivative of #reor. The
output is always continuous (i.e., never has ademge). For
this to be effective, the derivative of the outpuist have the
same sign as the derivative of the error and Siet ppmping

In this modification, the set point is gradually ved from its
old value to a newly specified value using a linearfirst

order differential ramp function.

This avoids the discontinuity present in a simpipschange.
The Set point weighting Set point weighting useSedént

multipliers for the error depending on which elemeh the

controller it is used in. The error in the integram must be
the true control error to avoid steady-state cordgromors. This
affects the controller's set point response. Tipesameters do
not affect the response to load disturbances arasunement
noise.

4. DOUBLE LINK MANIPULATOR TEST
SYSTEM WITH ZIEGLER-NICHOLS PID
CONTROLLER

The test System of double link manipulator was nedtland

simulated in MAT Lab/Simulink Control tool box. Hethe

electro mechanical model was initiated by usingesspace
representation and the each aspect of proposedsystgm

assigned as a state variables. Figure. 3 Repregbets
modeling and simulation of double link manipulateith a

proposed controller
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Figure.3 Simulating Diagram for Double Link Manipulator
with proposed Controller

5. RESULTS AND DISCURSIONS

The double link manipulator with a proposed comérobives

a responses of two parameters like pay load torgsponse
and tip vibrations etc. Here the figure.4 and fegGrrepresents
two responses of two links of manipulator i.e. Bhét and

Theta_2 respectively.

Theta_1 response consists on x-axis as a pay loapet
response and on y-axis tip vibrations response dod,
Theta_2 posses the same for simplicity. Here frogaré.4
and 5 initiates the responses of torque and tipatiitins etc.
Apart from that , the above two parameters dessrithe
flexibility of manipulator. The entire double linkvas
controlled by using proposed PID Controller for »Hbdity

which gives two responses for two links of manipadain

that each was represented as a Theta 1 and Theta 2

respectively. Overall, the two responses case dtaribility
due to proposed PID Controller itself.
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Closed Loop PID Controller

Figure4. Comparison Responses of Theta_1 of Double link
Manipulator

The figure.4 represents a Theta_1 response of doubl
manipulator with a closed loop PID Controller andgosed
Ziegler—Nichols PID Controller itself. From figude.on x-
axis pay load torque of manipulator was represeatetion y-
axis tip vibrations are represented. Finally Thate&ponse
initiates comparison of proposed PID Controllerhwatnormal
closed loop PID Controller. Out of these two, threpmsed
Ziegler—Nichols PID Controller will show a better5% of
working performance.

Figure5 Comparison Responses of Theta_2 of Double link
Manipulator

For Theta_2 also it follows the same. Similarlysliows a 5-
8% of flexible performance in case of Theta 2 resgo So,
the proposed PID controller initiates better perfance
charectestics for theta_1 and theta_2 justifiedaaexible
operation of the double link manipulator at far end

CONCLUSIONS

In this paper, we describe the two link respondedanble
link manipulator at far end like Theta 1 and Théta_
respectively. The two important aspects of doubiek |
manipulator are pay-load torque and tip-vibratioase
investigated. The proposed Ziegler—Nichols PID @uiltgr

showing a better performance than a normal ClosedpL
controlled tuning. The performance charectesticgheta 1
and theta_2 are inverses form 2-3% to 5-6%. Théreent
double link manipulator was simulated by using NeFi
technique in Control tool box of MAT Lab. The Ovkra
topology was studied and modeled, simulated. Weladed
for the flexible operation of double link manipwat we
propose a Ziegler—Nichols PID Controller show austband
better performance.
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