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Abstract— A new approach of control design of internal model
controller is proposed in this paper. The proposed design method
focuses on modifying the old general structure of IMC and
develops a new modd structure while saving the same general
concept of using the invertible version of the system in the
controller design. The new approach combinesthe IMC structure
and the traditional structure of a control problem and this
demonstrates an excellent performance and behavior against
different disturbance inputs and model uncertainty presented in
model parameter mismatch. Beside that a smith predictor isadded
to promote the design to compensate the delayed time systems.
Also a proposed stabilizer has mentioned to deal with unstable
systems.

Index Terms— IMC, Unstable, Time Delay, Pendulum System,
Smith predictor.

Open-loop unstable processes are difficult to aehie
equilibrium state.
measurement loop or control loop, so it is mordiatift to
control this kind of process. Using routine contnaéthod
can't acquire satisfying result [1].
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addition, a proposed method for unstable system was

discussed to cover all design problems.

[I. MODIFIED IMC

The general structure of internal model control dtsd
design procedure concentrate on getting the mofi¢hen
process, reusing it as a reference model paraltbetprocess,
and using it for design as shown in Figure 1. fdadization
process here requires a double work, one for theeimand
another for the controller. Because of the feedlimel cases
occupying a position and hardware is implementedtte
system. The proposed controller idea here is toigedhe
amount of hardware used for realization and impleaten
without any additional component. The concept ressl
around canceling the parallel reference model as&s the
feedback as usual in the traditionabntrol with some
modification on the controller design.

Figure 2 illustrates the new structure of the mediiMC.

Time delay always exists in thet |ooks like the traditional control structure ke idea was

focused on the controller design with reservingdbecept of
IMC.

The new proposed IMC structure cancel the repeated

Internal Model Control (IMC) is one of the advancedygdel appeared in the genef®IC structure and presents a

control strategies, which is of good robustnessiarmsy to
design and tune. However, the routine IMC is not for
unstable process or time delayed systems [2]. tSkot

newGc(s) equation.

d(s)

Geddes has designed an IMC for time delay systdm [3

However, it is not suitable for large time delaystgyns.
According to Shang, and Wang, the design works bedlhot
for nonlinear or unstable system [4]. Solvitige problem of
unstable system is by using a stabilizer beside IM
meanwhile the controller will become very compléx§]. A
modified IMC was proposed with tuning parameter$ [7
However, the tuning problem was raisétie disadvantage of
Kou Yamada [8] is the complexity of the structungl & does
not guarantee the stability when a time delay idedd A
proposed design of smith compensator using modifi¢d
for an unstable plant with time delay is preseniéd
However, this method demands a tuned parametersiand
observer beside a Pl controller that makes theadiv@rstem

is complex. In this paper a new approach of IMC was

proposed to solve the complexity of the old strreteside a
smith predictor was added to compensate the tirtay.dmn

Manuscript received October 29, 2011
Dr. Basil Hamed is Associate Professor of Electrical Engineering
Department, Islamic University of Gaza, Palestine.

Eng. Walid Issa is a research Assistant at Electrical Engineering

Department, Islamic University of Gaza (IUG) Palest

56

R(s) u@s) Y(s)

A 4

Ge(=)

\ 4

C

d(s)

Figure 1: General Structure of IMC
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The new proposed controller is to cancel the possdel
Gp(s) by the term Gp(s)-1 that considered as terée of the
process transfer function and substitute it byedéht transfer
function Gsc(s) such that:

G(s) = Gy(s)". Gsds)

Where: Gsc(s) is the transfer function of the etbtoop
that will achieve the required criteria as showikigure 3.

E(s) Y(s)

Gsr.' (5 >

Figure 3: Controller Closed Loop System

The output of the system in Figure 3 is
¥(s) = = R(s) (1)

Ra Tl

This will achieve the speéifications required frdm original
system to be controlled.

The selection 064{s) is trivial and depends or(s)/R(s}that
can be assumed as a second order system thateHasnthof:

Y (s) _ @’
- 2 (2)
R(s) (§+2w, stw?)
Where,
_®
Percent overshoot OS% =e Ve x100

o 4 4
Settling time TS=——=—
{w, O
Peak timel p -
w, 1_Z2

Gsd{S) be can extract from equation (1) to get the form

Go(s)=—D ®3)
R(s)-Y(9

Then have the overall system in Figure 2 and calecthat
Gce(s) = Gp(s)-1. Gsc(s) will cancel the processaliin but
will add Gsc(s) that guarantees the desired spatiiin to be
achieved.

To have the invertible form of the process facesieso
problems. To solve these problems is to use thbaodehat
split the process transfer function to invertibledanon
invertible parts then use the invertible part fesign.

lll. DESIGNPROCEDURE

The IMC design procedure consists of two main stépe
first step will insure that:.(s) is stable and causal; the
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second step will requir. (s) being proper. Le, (s) is a
copy ofGy (=],

Stepl:Factor the modtﬁ_'_:1 (5) into two parts:
Gy(s) = Gpo(S).Go—(9) 4)
G, .(s) contains all Nonminimum Phase Elements in the plant

model, that is all Right- Half-Plane (RHP) zerosl ame
delays. The factcdi:p_(s), meanwhile, is Minimum Phase and

invertible.

Then an IMC controller defined as
G.(s) = Gy t(s) (5)
is stable and causal.
Step 2:AugmentG,. (5) with G, *(s) such that the final IMC
controller is now,
G (s) = G_:,_E(SJ Goc (5) (6)
As mention before; the selection @f (s} depends on the
specification of the design.

IV. NUMERICAL EXAMPLE

A simple system represents a DC motor with a tensf
function of:

G(s) = 15

S?+14S+ 40.02

(7)

The controller needs to achieve the design spenia®S% <
10% and Ts < 5 sec.
First want to design Y(s) to meet the desired desig

Y (s) _ 5.3 @®
R(s) (§+3st+5.3)
Then obtairGg(s) from Y(s)such thaR(s)is impulse input
5.3
G = 9
(97 5533 ©)

And when simulat&s{s) as a closed loop system as shown in
Figure 3 it is noted that the system will achiete
requirement as shown in Figure 4.
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Figure 4: ¢s) Closed Loop response

After applying the proposed controller

G(s) = Gy(s)'" . Guds)
on the system as shown in Figure 5. The resporisberihe
same response as shown in Figure 4 because theltamt
cancels the behavior of the process. Thereforegah&oller
can achieve the ideal desired response with sydteshsan
be completely inverted.
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Figure 5: Overall Closed Loop System

V. MODIFIED IMC FORTIME DELAYED SYSTEMS

For systems with time delay, modified IMC controhill
not face any problem. Because of the controlleigiedoes
not dependent on time delay value. In other woilus t
controller structure is the same as time delay wiened
because the time delay part is not invertible aitnet be

compensate systems with long time delay. If the omot
transfer functions has a time delay of 0.3 andcltise result
of simulation in Figure 6, and Figure 7 tell ustthize time
delay affect the response of the system by shiftiras the
value of time delay. In addition, the response gledrif it was
compared with the ideal one in Figure 4 such thatem
overshoot and longer settling time. This resultotodes us
to; if the time delay is very long the system wvaé unstable
and the response also will be unbounded. So iffisudt to
obtain satisfactory performance of control systevith time
delay, which is a well recognized problem in maowytcol
processes. The solution of this problem is repteseby
smith predictor.
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included in design. However, this type of contndleannot ™=
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Figure 6: The Impulse Response fort = 0.3 sec

Figure 7: The Impulse Response fort = 1 sec

As known, the smith predictor compensates the tielay
in the systems. After applying smith predictor, $iystem can
be dealt as a delay free system.

To be more emphasis, consider the DC motor system
presented in this paper. The system with smithipredis
shown in Figure 8. Its response is shown in Figurehich
agrees with smith predictor.

Controller
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Figure 8: The system of DC motor with smith prealict
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Figure 9: Result of DC motor system with smith
predictor

VI. MODIFIED IMC FORUNSTABLE SYSTEMS

The general rule of IMC based on is that the systefre
controlled must be stable to apply the IMC con&oll If the
system is unstable, it should be stabilized beftiviC
controller is applied by any proportional controller any
other controllers. This rule is considered as aessary
condition to apply the modified IMC controller. Teore, in
all cases, need two controllers to handle unssystems.

Consider the first order unstable system procets twne
delay of the form:

E—E:

G (s) = =—1 (10)

Then choose a proportional controller K to stabilithis
system as presented in Figure 10. K is intendsthtailize the

k . . .
delay free unstable modﬂ_—1 , this simple proportional gain

K will give a stable internal process

X k
G, (5= ——
-ﬂ:{s =—1+ kK

(11)
1

Clearly, Gy, (=) is stable ik = ¥ then choosé = i to make

Gpe (s) =

12)
m=+1 (12)

Then the delayed form will be

k
E—Es
5+ 1
That can be handled with smith predictor to compenshe
time delay and design a trivial controller.

—y% Gy (s)

a)

Gz

ps

(13)

Y(s)

»

K(s)

A

Figure 10: Stabilizing unstable system

Another solution was proposed to solve the ingtgbil
Consider Figure 11 and 184 (s} is factorized in another way

such that:

6,(5) = Gun().G,(5)

Whereg, (s) is a stable proper rational function afgl (s)
is bi-proper antistable and minimum phase function.

The termantistablerefers to a system with all its poles in the

open RHP and minimum phase refers to a systemahifts
zeros in the open LHP.
And let
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1+ K(s)G, (s)
W=z

Where, K(s) is a stable stabilizing controller. 8& unstable
poles oft + K{s)G, () is identical toG, (s) . Therefore Q(s)

is stable. Then obtain that the dotted block ispéifiad to
&z, (=) which is a stable rational system and the comroll

(14)

G.(s) can be designed easily.

R

Figure 11: Modified IMC for Unstable systems

However,G, (s) is a stable transfer function, it will contain
unstable zeros so the inversion will make a probBonn this
case another factorizing is recommended as distuisse
section 3 where

G =) = G, GG _(s)
And the controller then will consider the tedn (s) in its
design.

I. Simulation & Results

The simulation will be held on the non-linear pendu
system to control its angle and to compare thetioaadl IMC
with the modified IMC.
The pendulum can be modeled approximately as arline
second order system [10]:

1

(2} = (
Cls) = 1 0.0011s + 0.026457 (15)
The controller transfer function of IMC is
) = 1+ 0.0011s + 0.02645° 6

* T (0,045 + 1)(0.04s + 1) (16)
The modified IMC controller is

2000 (1 + 0.0011s + 0.0264s%)

c(s) = (17)

52+ 80s
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Figure 12: Impulse disturbance input response
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Figure 13: response of modified IMC

Figure 12 and Figure 13 illustrate the impulse oesgs of the
pendulum system for the two controllers which stibat the
response of the modified IMC was quicker.

The pendulum system is a nonlinear system andaitsfer
function is a result of the linearization operatiea the
mismatch is present in all cases. So we will choam®e
parameters and vary their values in the model sahthe
plant and model transfer function are different.

1
6ls) = 100011 £ 0.026457 (18)
G, (s) = ! 19
P = 0.2+ 0.031s + 0.001s° (19)
Then the controller of IMC takes the form
0.2 + 0.031s + 0.0015°
Cls) = (20)

"~ (0.04s + 1)(0.04s + 1)

The controller of modified IMC takes the form
90000(0.2 + 0.0315 + U.Dﬂls:j

Cls) = -
e 5% 4+ 80s

(21)

The responses of the two techniques are displayEdyures
16 and 17. The results are very clear to say twantodified
IMC structure is now the best and overcome the mismand
regulate its output to be zero against the tragkfidMC
structure, which behaves unstable, and the coetrdils to
regulate the output.

To Worispace:

000152+0.031540.2

conv([0.04 110.04 163}

1
002845240.00115+1
Transter Fond Transter Fent

1

0.0015240.031540.2

L3
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Figure 14: A plant/model mismatch of IMC system
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Figure 16: Response of IMC due to plant/model mtsma
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The system seems that does not have time delay; many
cases there is a time delay in almost all systeoes td
physical components characteristics and storageegits in
the system although it might be very small.

Based on this, assume there is a small time delathe
pendulum system beside a mismatch in this delaydmat the
plant and the model to make the competition worth.
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Figure 18: IMC structure with time delaysmiatch
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Figure 19: Modified IMC structure with time delay

Figure 21: Response of a modified IMC time-dethy
system

According to Shamsuzzohal and Lee, they compared th
performance of the PID controller against IMC coliér and

the results indicate that the proposed IMC corgrglovides
fast and smooth set-point response without a loks o
disturbance performance [11].

In the same way, this part compares the resultgshef
preceding results with the new approach result vapgtying

In Figure 18 the system has a time delay for taeti= 2 sec It to the same system. _
while its model has t=2.5 sec. Figure 19 has algsec delay The transfer function of the system is:

for its system.

The time response of each system are shown ind3q20 Gls) =
and Figure 21 and the responses showed the aloility
modified IMC since it regulates the output and ceene the
perturbation and save the stability. In the othand) the
traditional IMC lose the control and the responskaunded
to finally yield to instability. The disadvantagef the
modified IMC takes more time response and getsliyalut

this is forgiven when compared with the traditiooak.
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Figure 20: Response of IMC with a mismatch timeagled
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Figure 22: Response of both controllers to the psed
system

Figure 22 exhibit the results of three controll@rise solid
line indicates the traditional IMC, the bold liner fmodified
IMC without smith predictor, the dotted line for dified
IMC with smith predictor.

Simulation results indicate that the response & th
modified IMC with smith predictor is superior which
compensate the time delay. The modified withouttlsmi
predictor has a small overshoot but it needs ke Iginaller
energy to eliminate disturbance than traditionaClM

The traditional IMC suffer from a delay of 3 sec to
compensate the disturbance and overshoot 50%.e&0uthler
side, the new method without SP has an overshd@%f but
with SP it is 40% but without any delay.

1. Conclusion

In this paper, a new approach of control desigimtefrnal
model controller was proposed. The proposed desihod
focuses on modifying the old general structureM€land
develops a new model structure while saving theesgeneral
concept of using the invertible version of the sgstin the
controller design. The new approach combines th€ IM
structure and the traditional structure of a cdmdroblem and
this demonstrates an excellent perform
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against different disturbance inputs and model tacgy
presented in model parameter mismatch. BesideatBatith
predictor is added to promote the design to congienthe
delayed time systems. Also a proposed stabilizes ha
mentioned to deal with unstable systems.
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