Intesnational JQurnal of Advanced Sclence and Technology
Vol. 29, No. 9s, (2020), op. 2B07-2814

Desigy. of Muhivariable PE Controlier for Distillation Column using
Simulated Annealing Algorithm

Gomathy V', Malini K V2, Hemavathy P R?, Anitha G*, Abdul Wahid Nasir>*

! Department of Electrical And Electronics Engineering, &KKrh’m College of Engineering
and Technology, N
Coimbatore, India, Emial: gomathyv@skcet.ac.in

. N
2Department of Electrical & Electronics Engineering, Sri Sairam College of Engineering;
Bangalure, India. Email: Malini.eee@sairamce. edu.in
: b

3“Department of Electronics and Instrumentation Engineering, B.S. Abdur Rahman Crescent
Institute of Science and Technology, Chennai, India. Email id-,
shemavathy@crescent.education’ , anidhag@crescent.educatior!

Departmenl of Electronics and Commumnication Engineering, CMR Institute of Te echnalogy,
Bmgaluru, Email : abdulwahid.n@cmrit.ac.in

Abstract

The main aim of this paper is to design a centralized PI controller for the bench mark distillation
colwmn process using Simulated Annealing. In general, multivariable system can be controlled by
decentralized controller. The improvement of each single loop enhances the multivariable control.
But multiloop controller fails when the interaction benveen loops are very high. In the presented
method centralised PI controller is designed for highly nontinear interacting process. In this paper,
multivariable PI controller is designed and controller parameters are nmed using Simulated
Annealing. The simulation results are given jor the comparison of multivariable and multiloop FPI
controller. The superiority of proposed multivariable PI controller performance is briefly discussed.

Keywords - Multi-Input Multi-Output (MIMO), Distillation Column. Davison Method, Centralized.
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1. NTRODUCTION

‘ s
Most manufacturing and engineering processes are muiti input multi output (MIMO) systems
which have direct and indirect influence of input on the output. In any system, the manipulated inpuz
can be adjusted such way to regulate and track the required output. The coupled multivariable system
has interaction effect which act as disturbance to the output. This inherited characteristics of the
system cannot changed, the only possible way to make a desired system is to design a closed loop
control system. The control strategy for coupled multi input system is not easy like single independent
loop system. The complicated multiloop single loop system has to be tuned such way to meet all the
requirement of faster servo tracking and disturbance rejection. The performance enhancement of each
single loop PID control provides improved performance in multivariable systems [1, 2]. Process
interaction play very important function in scheming finest controller, small unl:smon are
cancelled out by decoupler. It is a active component which is used to reduce i ‘of gontrel
effort from one loop to another loop [3](4])[5). In real time, decoupler is not succeed when the
coupling effect amang controlled loop is-high because it cannot terminate the interaction effect
entirely therefore there will be some leakage interaction present in the loops.
The design procedure of multiloop controller scheme involves interaction analysis, controlled loop
pairing and detuning method for selection controller parameter. Even detuning method works better for

ISSN: 2005-4238 UAST 2807
Copyright © 2020 SERSC



International Joural of Advanced Sclence and Technology
Vol. 20, No. 9s. (2020), pp. 2807-2814

7. Lee TK. Shen J, Chiu MS. Independent design of robust partially decentralized controllers. J
Process Control 2001;11:419-28..

8. Skogestad S, Morari M. Robust performance of decentralized control systems by independent
design. Automatica 1989;25:119-25. .

9. Tan KK, Ferdous R. Relay-enhanced multi-loop PI controllers. ISA Trans 2003; 42:273-7.

10. Liu T, Zhang WD, Gu DY. Analytical design of decoupling internal model control (IMC)

scheme for two-input-two-output (TITO) processes with time delays. Ind Eng Chem Res

11. Davison EJ. Multivariable tuning regulators: the feed-forward and robust control of general

12. Lakshmansprabu, S. K., and D. Karthik. "Real.time. implementation of multi-loop internal
model controller for two interacting conical tank- process.” finovations in Information,
Embedded and Commmnication Systems (ICIIECS), 2015 Internaﬂon\s(l Conference on. IEEE,
201S. : ) \

13. Rumar VV, Rao VSR, Chidambaram M. Centralized PI contrdllers for interacting
y ;;:va an:iewmmJ - bﬁul synthesis 'b method. ISA Trans 2012;51:400-9, \\ )
! s , Li 8. ﬁvaﬁalepmcessecnnol:deemmhzed_" decoupling and sparse,
. Ind Fng Chem Res 2010;49:761-71. : ‘ g
lS.RaqudimQChidammeCmmmdﬁig:fubmombasedmsimple
- decoupled equivalent transfer functions and simplified decoupler. Ind
2012;51:12398-410. Loy - F1g Chem Res :
: S. K., and U. Sabura Bann, "Optimal Tuning of Multivariable Centralized
Fractional Order PID_Conhnller Using Bat Optimization and Harmony Search Algorithms for
Two Interacting Conical Tank Process.” Intelligent Systems and Applications- Extended and
Selected Results from the S41 Intelligent S; Y
Springer, 2016 .

17. leﬁhmnap(au; SK.. Elhoseny, M. and Shankar, K, 2019, Optimal

16.

18. S. K., and U. Sabura Banu. "Real time § i ivari

: . implementation of multivariable .
centralised FOPID controller for TTTO Process.” International Journal of Reasomio.fns
Imtelligent Systems 10, no. 3-4 (201 8): 242-25). v R

19. Zhou, Ai-Hua, Li-Peng Zho, Bin Hu, § Deng. Yan Song. Hongbin 0
“Traveling salesman-problem, algoritn baceq Song. Hongbin Qiv, and Sen Pan

2 on simulated annealin, i
Programming” Information 10, no. 1 (2019Y. 7, & a0d gene-expression

ISSN: 2005-423g UAST
Copyright © 2020 SERSC

2814

. and bottoix

flow of the



International Journal of Advanced Sclence and 1echnology
Vol. 20, No. 9, (2020), po. 2807-2814

- and! bottom compositions of methanol respectively. The input uy and uj are the reflux rate and stream
flow of the reboiler.
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III. MULTILOOP AND MULTIVARIABLE PI CONTROLLER DéEIGN

In manufacturing/process and engineering control problems, the system has multiple coupled
mnnmnmmmmmmmmomcmmmgmem.
Tbebendthinpmmdemmtunlhminﬂmﬂ@nlmGu(s), Gu(s), G21(s)
and Gxxs) are the process transfer function model. The centralized PI controller contains four
differeat PI coatrollers to cantrol the two outputs. The geyi(s) and gx(s) are the controller which
dincﬂymuohtbzduiredompn.rhecmnugm(s)md&"(:)mindinctlyacﬁngto control
the outputs and directly reduce the interaction effect between each loop. The centralized P controller
strocture is shown in figure 3. The controller seems like multiloop controller becanse of the 4 PI
coatroller connections. But, this is a centralized controller which get two inputs and provides two
omonsinpm.hmachcmlinpm:hmeﬁm:ﬁmofuchmdloopmmdcompkte
output of the system.

/

gl { Gt ~
%E Galt) >

Fig. 3. Centralized PI Control Scheme

A. Davison Method .

Davison has projected an empirical method of tuning a multivariable PI control s§;tem where it
makes use of only the steady state gain matrix of the system for the design of centralized PI.
controllers. The steady state gain matrix of the multivariable stable system can be obtained from
transfer function matrix. The proportional gain K¢ and integral gain K of centralized PI controller is
given in equ.2, 3.
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IV. SIMULATION STUDY ' ‘-.\ T
\
i i ion model The
The controller performance was analyzed by developing closed loop simmlation

Centralized PI controller is designed using Davidson method and c9ntroller b\mmeters m;d tun:d
using simulated annealing. The Centralized PI controler controller diagonal ela'fmnts gn g ;{
controller minimize the interaction effect between two loops compared to multifoop ZN based
controller. The improvement of each P1 controller enhances the oentmhzed 1.’1 controller. The tuning
parameter is § and £ tuned by Smilnated Annealing swarm optimization teclinique.

Table 1. The ZN PI controller settings
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Fig.5. Servo response of Centralized PI controller

The multiloop ZN based PI controller performance is shown in figure 4. The setpoint changes are
introduced as shown in figure 4, where the loop 1t ure (T14) is maintained at 1 and the step
variation is applied at 50 sec for loop 2 temperature (T2). At 50 sec, the loop 1 PI controller tries to
track setpoint and loop 1 PI controller tries to regulate the disturbance due to the m&moq effect.
From the figure 4 & 5, it can be clearly seen that centralized PI controller reaches the setpoint,

smoothly with minimum settling time. The disturbance rejection of centralized PI controller is
superior than the ZN based multiloop Controller, ‘
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(4)
F = 1/ (140.5 ITAE (Loop1) +0.5*ITAE (loop2)) 5)
C. Controller Design \
The process with two input two output represented by A
_[en® £ . "
G(s) = [811 ©) #n (S)] \ )

The steady state gain matrix of multivariable stable system is computed for dw'g}xing centralized PI
controller.

.

—2;.2 1.3] . ~ (7)

GO=X, = [—2.3 43

Aﬁathecoquuﬁonofmesteadysnugainmt‘orselecud‘region.theinvmefmmofph
matrix is

—-2.2 1.3 ]“ : ®

X =[—2.8 43

—0.7388 0.2234 ¥
10)= 9)
GO [—0.4811 o.37so] ¢

'I'hep'opottionalandimegnlgainofcaxhaliud?lconﬂpllerisgiveninequaﬁmzs,za

c=[oaatios osmoes ol
iy [—0.7388 s 02234 5] | an
—0.4811%¢ 0.3780%¢
The multivariable controller _ )
aoffn ol
Where, | ) ‘\ : (

gen(s) = ( |+£""1‘)
K}
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Here [6, (s = 0)]~*is called the rough tming parameters. The inverse of steady-state gain matrx

called as the rough tuning matrix. ‘
IV. Controller Tuning using Simulated Annealing Algorithin.._ |
AS o i inspi ) of physical annealing
The Simulated annealing algorithm is inspired from the pzcyez;w l;y’ tr:re possible

with solids. The crystalline solid is heated an.d allo.wed to cool v
crystal configuration with superior structure integrity. This thering

dynamical characteristic is
converted into optimization algorithm to solve engineering problems. ‘ o

Figure 4. Simulated Annealing Algorithm [19] _
B. Optimal tuning of the parameter 6 and £ using Simulated Annealing Tecl'mique

The proportional gain Kc and the integral gain K; of the centralized PI comtroller represented in
equation 17 and 18 involves two tunable parameters § and & which ranges from 0 to 1, recommended
range is 0.1 - 0.3. In the present work, an attempt is made to tune the parameter using particle swarm
optimization techmique minimizing the ISE of the erors in the loops. -

The multi-objective optimal function is selected as \ i
The objective fimction for controller design problem is formulated and the constraint bounds are -
given below, ’
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egral Time Absolute Error (ITAE) value for ZN based controller setting is 236.3 which is

" higher than the centralized PI controller ITAE 199.4.

Table 2. Centralized PI controller settings
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Fig. 6. Regulatory response of centralized PI controller

V. CONCLUSION

\ 8
The multivariable PI controller is designed and then the tuning parameters are i

determined by SA. The multivariable PI controller performance is improved through each PI
controller. The proposed multivariable controller is capable of eliminating the interaction effect
between loops by the additional diagonal controller. The controller parameter of the diagonal
controller is in the negative gains which take care of eliminating the interaction effect by
compensating the controlled input. Simulation studies shéw the superiority of SA based multivariable
PI controller over ZN based multiloop ZN based PI controller.
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i i i i . the process with strong
the which has modest interaction between input and outputs. For 0
imergrc:(? system, detuning methods fails. The performance of denmmg'me.!hod is for away ﬁ-qm

model control (IMC) tuning (10]. This funing method works well when system interaction is modest.
A centralized controller gives desirable for severe interaction systemns [11-15].

In this work, centralized n x n P controller is used. for distillation column coatrol. The
multivariable P controller is designed based on the Davison method 11), and then the multiveiste
controllers are tuned using simulated amealing technique. This paper organized as fol!ows. section 9
preseats the description of the distillation column process, The “design of multiloop PI an
Multivariable PI controller scheme js discussed in section IIL. The analysis of closed loop_controller
performance is discnssed with Simulation results in the section IV. The final conclusion of the paper is )
concluded in section V.,

\

I DISTILLATION COLUMN PROCESS DESCRIPTION\ .

e

Fig. 1. Schematic diagram of Distillation column
The mathematical mode] of VL Column is given by Luyben (1986) is used in the paper as plant
model. The two input two output mode] is shown in equation 1. The output y! and y; are the overhead
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