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Abstract--: In thi s research, the main th eme is the system
tntegr auon of SCADA Basel! Mini Factory DcsiA" Using PID
Cuntrol. The inl l-grah,'lI system is com posed (If the master
terminal unit (MIU) and the remute termin al units (RIVs). The
main fun ction of master termin al uni t a re Acquire data from
RT Us wilhin the fL'Rion, LJ~ and display this dat a on a local
opera tor station, Pass dat a back to th e master station, and Pass
on control requests from the mas ter station to the RT Us in its
fL'Rion. Th e remote terminal unit means PL C, DCS or lED is
located a t a remot e lucarlon in Indus t rial aurom atlon , which is
rum posed of the actuator systems and the sensllry syslems. The
communication system uses inllu~tri al Ethe rne t communication
s~'stem , whtch combines the master terminal unit with the remote
terminal units. To integrat e both systems, the s i~na l

classification, baud rate of comrnunfcauon system and system
cheractc rtsncs con sidered PID control is dcsfgned with s i~na l

and measu remen t theo ry.

KeyJl'f}rd\~ PID control, SCADA, Manufllctu rin g System,
math ematical Model Dcstun , Mini-factery Design.

I. I~TRO[)CCTIO:\'

Computer-based supervisory control and da ta acqui sition
(SCADA) systems have evolved. from standalone,
compartmentalized operations into networked arch itectures
that communicate across la rge distances. In addition, their
implementatio ns have migrated from custom hardware and
software to standard hardware and software platfo rms . These
changes have led to reduced develo pment . operational. and
main tenance costs as well as providing execut ive management
with real-tunc inf onnaticn that can be uscd to support
planning, supervision. and decision making. Somc of the
characteristics, performance requirements, and protocols of
SCADA system components require adapting information­
system security methods in industrial sctungs. Supervisory
control and data acquisition (SCA DA) systems are vital
components of most nations' critical infrastructures. They
control pipelines, water and transporta tion systems, utilitics,
refineries, chemical plants, and a wide variety of
manufacturing operations . SCADA provides management
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with real-time data on produelion operations: implements
more efficient control paradigms, improve plant and perso nnel
safety, and reduce costs of operation. These benefits are made
possible by the use of standard hard ware and software in
SCADA systems combined with improved communication
protocols and increased connectivity to outside networks,
including the Internet. However, these benefits arc acquired at
the price of increased vulnerability to attacks or e rroneous
actions from a variety of external and Internal sources.

II. SCADA BASEl> MI:\I-FACTORYDESIG:\

A. Design Wack Diagram
The SCADA system architecture is shown in Fig. I. This

system consists of three levels to control the field clements
from the operator. TIle first level is operator level. the second
level is communication level and the third level is field level.
The stability techniques arc based on the PID control for
master termina l units (MTUs).
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Fig. t SCADA Sy'km An;h ik~111n:
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Fig. 3 Implementation of PID control for int egrating and unstabl e Processes

D. Research Example

The integrating process transfer function is as follows:
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The design method proposed can be directly used to design

controller
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For optimum disturbance rejection, it was proposed as:
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From Fig. 2, e(s)=r(s)-y(s), the process input u(s) can be
written as

u(s)=(F;+; +KdS)fr(sh(s)}KrY(s)

~(K,+K)!K, '~}YM1+ 6+Kfl) ' M/K0iS 'J c;
Let b=...5..... and K; = F;+~ we can be obtained u(s) in

Kj,+K!

the following form:

u(s)=K;(bxr(s}Y(s))+(; +Kfl)e(s) (11)

The net result of inner feedback loop is the equation (11)
which is the two-degree of freedom Pill controller,
where K;, K" Kd and set-point weighting are Pill settings as
shown in Fig. 3.

The effect of ~is reflected in the Pill controller design, we
can ignore the inner feedback loop and directly design Pill
controllers for integrating or unstable time delay processes by
equation (9).
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Fig. 2 Block diagram oftvvo l oop controll er

0.5K~L2S2+(FK~Lft+KK! 1
Here, G'p(s) denotes the second-order plus time-delay

model obtained from the Taylor series expansion method.
Since the characteristic equation of G'p(s) ' should have
negative poles to be stable, the following condition must be
satisfied from the Ronth-Hurwitz stability criterion

C. Integrating Process
For controller design purpose, we used the following

simple integrating process:
K

Gp(s) = (rs_l/- L
, (1)

With proportional controller in the inner feedback loop,
the internal closed-loop transfer function Gt(s) can be obtained
as

Gp(s) KE- L,

Gt(s) = 1+~Gp(s) 13 1+K~e-L' (2)

By using a Taylor series expansion, the time delay term in
the denominator of equation (2) can be approximated by

c L
' ==1-Ls+O.5L2:;2 (3)

By substituting
Gt(s)==G'~(s)

B. tecona-craer Process and a PID Controller
In the processing industry, Pill controllers play a crucial

role in keeping our plants running - virtually everything from
simply filling up a storage tank to complex Mini-Factory. Pill
control is the most conunonly used strategy for progranunable
controllers in the industry. Pill Controllers have been in use
for many years , dae to their ease of use and ability to
effectively control a wide range of plants. In recent years there
has been substantial interest in auto-tuners for Pill controllers.
As the name suggests, these (semi)-automatically determine
the gains for a Pill controller. Much of this work has been
based around the relay auto-tuner, which uses a relay to
determine the critical gain and critical period for a given
system. This can then be used in conjunction with tuning rules,
including extensions to the Ziegler Nichols rules to calculate
the gains for the Pill controller. Pill control is a widely used
control most of the industrial automation process because of
its remarkable efficacy, simplicity of implementation and
broad applicability. The Pill control algoritlun is a three-term
linear control strategy that uses proportional control as its
major control term, integral action to largely remove steady
state error, and derivative control to add stability to a loop and
thus facilitating the use of higher proportional action.

K.
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GpCs) = s(s+1) (12)

The control perfor mance of the proposed method is
compared with PID tuning methods for integrating processes.
PID controlle r settings for each method are listed in Table .1.

TABLE I
PIDCONTROLLERSETTINGS FOR RESEARCHEXAMPLE

Gain and Phase Margin Method

K; 3.0994

K, 2.618

Kd 2.6704

b 0.6768

III. SIMULATIONRESULTOF PID CONTROL

The normal manufacturing system could not be stable for
running condition. But the PID controller for stab le system is
added to the unstable system for manufacturing system . The
present manufacturing system is for process industry .

"
Fig . 4 PID Controller Results
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IV. CONCLUSION

In this pap er the author presents the how to contr ol the
unstable spare parts hatch process industry hy PTn controller.
The stability analysis of remote terminal units (RTUs) could
be desig ned by applying the ideas of that PID control
techniques. The author used the MA TLAB PID commands for
simulation results. According to the simulation results, the
steady state error will be zero at infinit e time . By changing the
simulation param eters from this paper, we could analyze
difference applications for other control system to be stable .
After applying the PID contro ller, the condition of that factory
will be reached to the stability state .
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