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Abstract -When the parameter of any systems changes with respect to time then the constant gain PI controller action is not
effective. In case of MRAC based design the adjustable Pl gain parameters corresponding to changes in plant will be
determined by referring to reference model specifying the property of desired control system. This paper presents the
method to design MRAC based PI controllerfor speed control of D.C. motor using Lab VIEW software tool.
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1 Introduction

Since due to wear, aging, breakdown and the
changes in environment where the plant operates,
the parameters associated with it may undergo a
change. In such case the constant gain PI controller
cannot satisfy the performance specification. In such
cases the MRAC (Model Reference Adaptive
Control) is a good choice. The MRAC was first
proposed to solve the autopilot control problem. In
the MRAC system the desired performance are
given in terms of a reference model and each time
an error is generated by comparing actual and
desired output and by considering this error , using
suitable algorithm the gain expressions of the
controller is obtained. [1,2]

LabVIEW (short for Laboratory Virtual
Instrument Engineering Workbench) is a system-
design platform and development environment for a
visual programming language from National
Instruments.[3],[7],[8]. This tool has wide range of
application in all most all branch of engineering
such as, in Robotics ,image processing, nuclear
physics biomedical, adaptive and digital filter
design, signal processing , spectral measurements,
system identification , controller design like PID,
Fuzzy logic controller etc. Specifically in control
field it is widely used in temperature ,level ,
optimal, robust, adaptive controller design The
speed of real time D.C. motor has been controlled
and the model of closed loop system has found out
using NI USB-6008 DAQ card.[9]. The PID
controller has designed, using LabVIEW control
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system toolkit. D.C. servo motor position control
has been achieved using PID control algorithms
[10]. A novel hardware design methodology has
been developed for digital control systems using
LabVIEW FPGA module from National Instrument
(NI) instead of Very high speed integration circuit
Hardware Description Language (VHDL)[11].
LabVIEW 8.5 Package is used for design and
implementation of a personal computer based closed
loop DC motor speed control system.[12]. Aa PID
controller is designed for speed control of D.C.
motor for both simulation purpose and hardware
implementation purpose using Lab VIEW 8.5.[13]
The MRAS based controller has been designed
and tested through various software tool. In this
paper an attempt has been made to design and
implement the adaptive controller using the
graphical programming language Lab VIEW.
This paper first introduces the D.C. motor, the
MRAC control schemes and design procedure for Pl
controller using MIT rule. Next the adaptiveness of
the designed controller is tested using Lab View
software tool and finally ends up with the
conclusions followed by references.

2 The D.C. motor

DC motor system is a separately excited DC
motor, which is often used to the velocity tuning and
the position adjustment. The well established control
equivalent circuit of the DC motor using the
armature voltage control method is shown in Fig.1
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Fig. 1 Separately Excited DC Motor Model

Where Ea is the armature voltage. (In volt), Eb is
back emf the motor (In volt) ,la is the armature
current (In ampere) ,Ra is the armature resistance
(In ohm) ,La is the armature inductance (In henry)
,Tm is the mechanical torque developed (In Nm) ,J
is moment of inertia (In kg/m?) ,B is friction
coefficient of the motor (In Nm/ (rad/sec)) ,o is
angular velocity (In rad/sec) [6].

In the above schematic of the D.C. motor using
armature voltage control method a set of
mathematical equation can be written representing it
and by some arrangement its transfer function can
be obtained as

w K
G(s) = 2 — r

Ea(s)  (Lys+Rg)(Js+B)+KpKp
The above transfer function represented by a block
diagram is as in Fig.2
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Fig2 .Block Diagram Of Separately Excited D.C.
Motor

The armature inductance is very small in practice;
hence, the transfer function of DC motor speed to
the input voltage of equation can be simplified as

w(s) _ Kn

E,(s) w+1

3 Model Reference Adaptive Control

The adaptive control theory provides an approach to
design of uncertain systems. Unlike the fixed
parameter controller the adaptive controller adjust
their behavior on-line to the changing property of
the controlled processes.

The main difference between the conventional
control and adaptive control is the presence of
adaption mechanism. The main issue in adaptation
design is to synthesize an adaption mechanism
which will guarantee that the control system remains
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stable and tracking error converges to zero even if
the parameters are varied.

The block diagram of the MRAC system is shown
IN Fig.3 [1],

-

Fig. 3 MRAS Block Diagram

The system has an ordinary feedback loop
composed of plant and the controller(also known as
inner loop ) and another feedback loop that changes
the controller parameters(also known as outer loop ).
The parameters are changed on the basis of feedback
from error which is the difference between the
output of the system and the output of the reference
model.

The MRAC technique is based on information
U, ¥ ,.¥m & U, for the design of the controller. The
desired performance in MRAC is given in terms of a
reference model which in turn gives the desired
response to the command signal.
The key problem in MRAC is to determine the
adjustment  mechanism.  There are various
adjustment mechanism of MRAC system like MIT
rule, Lyapunov theory, passivity theory etc. Here the
MIT rule adaption mechanism is used to tune the
controller parameter.

3.1 The MIT Rule

The time rate of change of controller parameter
vector O is proportional to negative gradient of J.
The MIT rule approach aims to minimize the
squared model cost function. Because as the error
function becomes minimum there will be perfect
tracking between actual plant output (y) and
reference model output (yy,). In MRAC it is assumed
that the structure of the plant is known although the
parameters are not known i.e. the number of poles
and zeros are assumed to be known but there
locations are not known. [1],[2].

Mathematically if

e= y_ym
J(@):%ez(e)

Then according to MIT rule
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do  aJ oe
it a6 oo

J: cost function

#: Controller parameter vector
e: Error between actual plant and
reference model

y: Actual plant output
Ym: Reference model output

7 - Adaption gain

Where

g—z: Sensitivity derivative of error w.r.t. ¢

3.2 Design of PI controller using MRAC
The output of a PI controller in accordance to the error

as input is given as

) = [k, +Je(s)

Since it is assumed that the structure of the
plant is known even though there exact parameters
are not known, Now in this case the motor transfer
function is of first order, where b=K,/t and a=1/t

y(s) _ b
u.(s) s+a
After introduction of the PI controller to the plant
the structure becomes
y(s) 3 b(kps—i—ki)
U (S)  s*+s(a+bk,)+bk
So the reference model can also be assumed of the
form as so let it be
ym (S) — bmls + bm2
u(s) s*+a,s+a,,

In this MRAC PI controller the plant ,model and
controller can be put into a block diagram as follows

§

—_

Ki b
W T e

Fig 4 MRAC PI controller Block Diagram
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Now the MIT rule can be applied to motor to obtain
the controller parameters . Since the controller
parameter vector u=[k, ki] the MIT rule can be
written as will be splitted up into two parts as
follows

d, a3, 03 e oy

@ ) TRY%)

d a3y 00, ey Oy

e 7i(aki)— 7i(ae)(ay)(8ki ........ (3)
e=y-y 3@:1

But "oy
8

And A

Using these relation in Eq.2 & Eq.3 it becomes

dk 0J dy
p
L — ) =—v e(——
i 7"(akp) Vs (akp)
dk; aJ oy
—=—v.(—) = —v.e(—
G- GO = TEG)
N find . d X Eg.lcanb db
ow to fin o, an ok, g.1 can be used by
differentiating it as follows
y(s) B b(kpS+ ki)
Ug S +s(a+bk,)+bk

= y(s® +s(a+bk,)+bk;) =b(k,s +k,)u,
()

Differentiating Eq.4 w. r. t. kp

[ya%(s2 +(a+bk,)s +bk;)]+

p

[(sz+s(a+bkp)+bki)%]=%buc(kps+ki)
= % =b— >
ok, s® +s(a+bk,)+bk,

(uc - y)

Similarly differentiating Eq.4 w.r.t. K.
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[y%(s2 +(a+bk,)s +bk;)]+

&y. o
s? +s(a+bk )+bk)==]=—Dbu_(k.s+Kk
[(s” +s(a+bk,)+ ')aki] X (ks +k;)
oy 1
-2 =b u. —
T s rs@rbk, )bk, Y
.(6)
Substituting Eq.5 & Eg. 6 in Eq.2 & EQ.3
T )
gt 7P sTes@arbk,) bk
(7
And
K e ; (v, )
dt ' “stis(@+bk)+bk, © 7
(8)

From these two equation the gain parameters can
not be found out since the value of the a & b are not
known.
So defining

a,, =a+bk,

A, = bki

ml

Now EQ.7 & Eq.8 becomes

dkp _ I amls

Bl S u - (O
T stk e Y ®
And

dki | [c -y

= —_y'e m — (1
a sz+s(a+bkp)+bki(uc y) (
0)

Eqg. 9& EQq.10 are the controller design equation i.e.
the adaption mechanism of the controller, these two
equation can be used in the MRAC block as
represented in Fig.5.

el s vex| o Ki 5 s
——HIT A Fra =
o P . T, SR
P 5T+ S(a +bk,) v 0k

Fig 5 Block Diagram Of Adaptive Pl Controller
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4 LabVIEW

LabVIEW is a graphical programming language.The
most important factor of Lab View is that not a
single line code has to be written by following some
particular syntax ,in this case the icons for various
applications are readily available so it just need to
dragging the wvarious icons of interest and
connecting them that will work satisfactorily.

It provides the flexibility of integration of data
acquisition with the process control application
software for automated test and measurement
applications.

The above block diagram can be programmed using
Lab View software tool and the result can be
verified as follows [3-5]

B 8]
=
a= =
=
o e m
= = &g TS - . F—
: e = |
A'! - f.-..\n G
Iy & 0 g = &
=y

Fig6 VI of Adaptive Pl Controller

Executing the above V1 the following are observed

MoBEL PLANT
G (bend - (bend(52)- )5+ fam) GiS)sbviea GAMMAP

o 00

GAMMA ]
| g oms

Fig. 6.1(A) Simulation Result of Motor Transfer
Function

In the above VI if the simulation time is increased
the following are observed
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MODEL PLANT
GmS)=(bmd )5 (bd)/(S2bs (amd)Se (amd)  Gif)=biien

A5
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Observation

By increasing the execution time of the program the
transient portion has died out and the output is
tracking the desired output.

In the above VI if the adaption gain parameter is
increased then the following are observed.

MODEL
GroS}= [l )5 (o) 152+ fam}5e [amd)

FLANT
G{5)=bfSra

GAMMA P
543 e) -1
s+3111 X

GAMMAT

\
-1

!-.

O S ENEE]
Sanision Teoy Fonveian Trme [

Fig 6.1(B) Simulation Result Of Variation Of
Adaption Gain

Observation

By increasing the adaption gain value the
transient died out rapidly and the tracking is also
happening fastly ,so the controller designed here is
acting satisfactorily .
To see the adaptive nature of the designed controller
the plant parameter can be varied by keeping the
reference model as it is before and the response can
be checked
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Fig
6.1(C) Simulation Result Of Variation Of Plant
Parameter

Observation

Even though the parameters of the plants are varied
and the reference model is same as before due to the
adaptive nature of the controller still the actual and
the desired outputs are tracking properly and hence
the designed controller is working satisfactorily.

5 Conclusion

The simulation results reveals that the proposed
method is an effective control scheme for the plants
having time varying parameter. The designed PI
controller using MRAC scheme for motor can
faithfully adjust controller parameters corresponding
to change in plant parameters. In case of the
adaptive controller design the adaption gain has
selected manually and the variation in the response
has observed, an algorithm can be developed to find
this adaption gain . Apart from this the controller
that has been designed and simulated can be

implemented in a physical motor and its
performance can be tested
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