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ABSTRACT

In this paper, a new method of system identification for a multivariable process is
adopted to obtain system models from a pair of priori input/output data. Decoupling
techniques are the suitable choice for most industrial processes wherein the interactions
between process variables are significant. In this work, simplified decoupling is suggested for
a two-input, two-output (TITO) process and then a method of controller design for multi-loop
systems is proposed. A new analytical tuning method for a proportional-integral-derivative
(PID) controller is also proposed for the second-order plus time delay (SOPTD) process
model. The tuning parameters of the controller are calculated and simulated in Matlab. When
the resulting PID characteristics confirm that the proposed controllers hold good responses,
we implement the controller in real-time using PCI card to substantiate our proposed method
in a real application.

Keywords: Multiple input; multiple output (MIMO) control system;
Simplified decoupling; Reduced-order model; PID controller tuning.
TOM TAT

Trong bai b&o ndy, phirong phdp nhan dang hé thong va qud trinh da bién dwoc vdn dung
dé xdc dinh mé hinh thugt toan tir diz liéu thuc véi viée ghép doi tin hiéu vao va ra cua hé
thong da bién. Céc ky thugt phan ly 1a s chon lwa phi hop cho hau hét cac qué trinh cong
nghiép, trong dé tirong tic bén trong cua cac bién qué trinh la dang ké. Trong nghién cz:u nay,
ky thudt phdn Iy don gian héa dwoc dé xudt cho cac qua trinh 2x2 cing Véi phirong phdp thiét
ké thiét ké bé diéu khién da bién. Bé diéu khién PID dang phdn tich dwoc gii thiéu cho cac
qué trinh bdc hai c6 thoi gian tré tiéu chuan. Céc thdng sé diéu chinh cuia bg diéu khién duroc
tinh toan bang qui ludt diéu chinh dwrgc dé xudt va sau dé hé thong diéu khién dwoc md phong
bang phan mém Matlab. Khi két qua cia bé diéu khién PID chitng minh dwroc ¢6 thé cung cap
dap ig tot cho hé thong diéu khién phan Iy da bién, n6 sé dwoc ap dung trong thuc té ¢ ché
d thoi gian thuc thdng qua card giao tiép PCI.

Identification method;

Tir khoa: Hé thong diéu khién MIMO; Phurong phdp nhdn dang hé théng; Phan ly don gian
hoa; M6 hinh ha bdc hé thong; Pieu chinh bg dieu khién PID.

centralized and decentralized control [1], [2],

1. INTRODUCTION [3]. The first one with a representative of

Multivariable processes are common in
most industrial systems. However, control
design of those encounters a large number of
difficulties due to interactions between
process  variables.  Advanced control
strategies deal with that kind of problem by

model predictive control (MPC) that attracts
many researchers because of its intuitive
concepts and applicability to MIMO systems
with constraints [4]. However, it is still
complicated compared with the classical
feedback controller. Therefore, the latter with
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decoupling techniques that allow us to use
SISO controller design approaches is the
appropriate choice for most industrial
processes [5], [6], [7], [8].

Ideal, simplified and inverted decoupling
are some of the widely used decomposition
methods. In  practice, the simplified
decoupling is the favorite choice because of
its simplicity of decoupling network, the
unitary diagonal elements, and robustness
[5], [7]. Another point of view is also
considered when choosing the decoupling
techniques, it is realizability with the three
requirements of being stable, proper and
causal [5]. To overcome this kind of issue,
realizability, especially in the decoupled
transfer function matrix which its elements
are usually constituted by the sum of transfer
functions with multiple time delays.
Therefore, numerous approximation
approaches or reduced-order models such as
Laguerre expansion, Gaussian frequency
domain, and coefficient matching (CM) were
also proposed by many researchers [9], [10],
[11]. The CM method is chosen in this work
because of its simplicity and effectiveness for
tuning a PID controller. An effective method
of PI/PID controller design is then suggested
for simplified decoupling control systems,
where controller can be directly obtained in a
general form [5], [12], [13].

The applicability and effectiveness of our
proposed method is substantiated by a real
model of a TITO process, a double-tank
system. A system model needs to be obtained
for the purpose of decoupling and tuning the
controller. It is accomplished by using the
empirical method of system identification
with supporting of Ident Toolbox of Matlab
[14], [15].

In general, the PID controller design has
been frequently discussed in the huge
literature, but the design of a simple and
effective one for a MIMO system with the
perfect improvement of performance has not
been fully achieved for a variety of
time-delay processes. Moreover, some
controllers can provide good set-point

response but poor disturbance response or
inversely. Therefore, the present study is
focused on tuning the PID parameters for
decoupled systems in analytical form, and
easy to implement in the practice with the
excellent performance for both the regulatory
and servo problems [5], [10], [12], [16].

This paper is organized as follows.
Section 2 is briefly introduced the
experimental model. The system
identification is also discussed in this section.
The simplified decoupling technique and PID
controller design are presented in Section 3.
In Section 4, all the results of evaluation of
control algorithms are shown in simulation as
well as real-time implementation. Finally,
conclusions are given in Section 5.

2. SYSTEM IDENTIFICATIO

2.1. Experimental model

Fig. 1. The experimental model of
double-tank system

The experimental model is a double-tank
system where water is pumped by two
centrifugal pumps into two series tank. The
manipulated variables are two dc voltages
(0+10 VDC) which applied to the inverters to
control the power of the two pumps and then
manipulate flow rates of the inlet streams.

Figure 2 is a Pipe & Instrumentation
Diagram (P&ID) that describes the operation
of the system. The inlet streams with
controlled flow rates (xi1, x2). The level of
each tank is measured by a sensor with
standardized industrial voltage output, 0-10
VDC. The control unit of the system is
constituted by a core i3-PC with a PCI card
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6052E of National Instrument, and the
control algorithms are implemented in
Matlab with Real time Window Target.

JVA0TZ-0
VA 0ZZ-0

h1

Fig. 2. The Pipe & Instrumentation Diagram

(P&ID)
2.2. System identification
The PCIl card is used for the data

acquisition. From the figure 2, we perform
the data acquisition by applying DC voltages
from 0 to 10 and then measuring the level
responses (hi, h2). These pairs of data are
reserved and used for the system
identification.

The Pseudo-Random Binary Signal
(PRBS) is a periodic, deterministic signal. Its
stochastic plays a quite crucial role in system
identification [15]. In this paper, in order to
identify the model of the system, we use a
PRBS as a excitation signal. Number of data
points collected are 2000 samples, wherein
the first 1000 ones are adopted for
identification, the others are used for the
validation. The process model is chosen as
the first/second order plus time delay for
each pair of input and output. Our system is
the two input, two output, therefore, we are
supposed to have a 2x2 matrix of transfer

functions
HOMEAC .
P22 (S):| ( )

P,1(5)

After several steps of trial and error, we
draw out the transfer function of a pair of
input/output. The other transfer functions
could be obtained by the similar way.

P(s) ={

(WP ey Measured and simulated model output

BestFits
2 P2D: 97.04

5
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Fig. 3. Choosing process model for each
pair of input/output (a) and identification
result (b)

The transfer function of the input 1 (X1)
to the output 1 (hy) is as follows:

—0.65s
Pu(s) = i @
(160.99s5 +1)(0.42s5 +1)

The final step of modeling, we justify the
step response of the identified model and
compare it with the actual response of the real
system. From figure 4, we can see clearly that
both responses have appropriate fit.

25

1 1 1 1 1 1 I
50 100 150 200 250 300 350 400

Fig. 4. Step response of the actual model
and the identified case.

Similarly, we obtain the other transfer
functions:

0.926—1.825

P,(s) = 3
2 (8) (183.33s+1)(6.73s +1) @)
P (s)_ 0.39e—1.855 (4)
2 (140.45+1)(5.125 +1)
P () = 10.84e )
% (40.05s +1)(0.325 +1)
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3. DECOUPLING METHOD AND
CONTROL DESIGN

The well-known block diagram of
decoupling method of a TITO process is as
figure 5. It is required to design a decoupler
matrix D(s) so that P(s)D(s) is a diagonal
matrix, T(s), where:

decouplers process
ry c

Ao Uy n| Y1
P12
P2y

D21

2 T kN Y.

Fig. 5. Block diagram of a decoupler of a
TITO process

[P Puo)
0| n o) o
_ Dy(s) Dy,(s)
00 o) )
T, 0
T(s)=P(s)D(s)={ aS (SJ (69)

In the case of a simplified decoupler,
which its most advantage is the simplicity of
its element, we arbitrarily assign D11 = D22 =
1. In order to make the off-diagonal elements
of the decoupled transfer function matrix
equal to zero, we find out the other elements
of the decoupler matrix:

P2 (s)
27 (e
P (s)
(5=~ 58) (1)
ig o ds[uuplerslx; - %s Xi 'xl
1 . I { .El I
o | ol | =,

Fig. 6. Block diagram of a simplified
decoupler of a TITO process

This lead to the simpler decoupler
transfer function:
_P12P21

I:>22

P 0

T(s)= (8)

_ PlZ I:)21

0 P, =
11

In this study, the PI/PID tuning rules
proposed by Vu and Lee (2013) are used for
decoupled system because of its simplicity,
robustness, and effectiveness [5]. From this
method, we obtain the analytical form in a
general formula of the controller:

04 (5) =&[ A j 9)

P (As+D)™ —e7%°
where,
1Cu(s) 0 | [Py(s) O
C(s){ 0 czz(s)H 0 Pu(sj 0

The 6ii denotes the time delay of i-th
diagonal element of the process transfer
function matrix. The time constant, Ai, iS an
adjustable parameter that controls the
tradeoffs  between  performance  and
robustness; m; is the relative order of the
numerator and denominator in Pii(s). |P| is

the determinant of transfer matrix P.

Using the identified models Eqg. (2) - Eq.
(5) to replace into Eq. (8), we realize that the
obtained diagonal transfer matrix T(s) is
complex since its elements are the sum of
transfer functions with multiple time delays.
Then if we adopt these for control design
which makes it difficult for controller tuning.
Therefore, we suggest an approximation
method to overcome this issue. The coeffient
matching (CM) approach, proposed by Vu
and Lee (2010) [12], is chosen and extended
to reduce order of decoupler elements:

11.2706%
(160.99s +1)(0.42s +1)

R.(s) = (11)

P.(s) =0, ~a, [1+ﬂs+iszj+0(ss) (12)

1 1
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where,
a, =d, " (0)=11.2 (13)
eff
b, = M =-339.438 (14)
ds o
1 dzdneﬁ (5)
=1 ¥/ =5190 15
t2odst |, (19)

Similarly, we obtain the reduced-order
models:

P,(s) ~11.2—339.438s +5190s* (16)
P,(s) ~0.92-63.011s + 2967.3s* (17)
P, (s) =~ 0.39—222.011s +31205s" (18)
P,,(s) ~10.84 —85.008s +3921.2s* (19)

Then, from equation Eq. (10), we have
C,(s) =P, (s) ~10.84-85.008s +3921.2s* (20)

C,,(s) = P,(s) ~11.2-339.4385+5190s°  (21)

It is also selected as:
6, = HPM =0.65 4= APH =160.99; m;=2 (22)

6,=0, =068, 2,=4, =40.05 m,=2 (23)

Expanding geci(s) as a Maclaurin series
yields:
0..(5) ~=(0.98+5.4225+0.0465%) (24

S

In the otherwise, the standard form of a
PID controller
g.(s) =§(Ki +sK, +5°K,) (25)
It is noted that Ki, K¢ Kq represent the

integral, propotional and derivative terms of
the standard PID controller, respectively.

Comparing Eq. (24) with Eqg. (25) yields
the resulting PID controller parameters for
the first control loop:

K, =098 K, =5422; K, =0046 (26)

Similarly, we obtain the controller
parameters of the second control loop:

K, =064 K,=2078 K,=0034 (27)

4. RESULTS AND DISCUSSION
4.1. Simulation

h etz o

oz T F

Fig. 7. Simulation program in
Simulink/Matlab

Using identified models Eq. (2) - Eq. (5),
simplified decoupler Eq. (7) and the PID
controller parameters for the two control loop
as shown at Eq. (26) and Eq. (27), we create
a simulink program in Matlab to justify
responses of the system adopting our
proposed method.

The step responses of the level output of
two tanks as Fig. 8.
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Fig. 8. Step response of the level of tank 1 in
simulation
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Fig. 9. Step response of the level of tank 2 in
simulation
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The simulation results indicate that the
proposed method consistently affords more
advanced performance with a fast and
well-balanced closed-loop time response in
both tanks.

4.2. Implementation

After that we implement the controller
into the real model as Fig. 10.

PUMP 1 LEVEL SENSOR 1

okspaces

Fig. 10. Implementing the controller into the
real model

These parameters Eq. (26) and Eq. (27)
are incorporated into the simulink that runs in
the real model using Real Time Window
Target of Matlab software. Figure 11 and 12
show the responses of the system in both
tanks.
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Figure 11. Step response of level of tank 1 in
real model
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Fig. 12. Step response of level of tank 2 in
real model

5. CONCLUSION

In this work, an empirical method of
system identification for a multivariable
process is proposed to obtain the transfer
function matrix of the double-tank system.
The decentralized approach is considered
with simplified decoupling technique owing
to its realizability. However, the decoupled
system is still complicated for controller
design. Therefore, a reduced-order method,
CM method, is also applied to obtain a
polynomial for easy calculation. The
analytical form of the controller is drawn out
and its parameters are obtained based on
Maclaurin series expansion. The results show
that all proposed methods have good
responses in simulation as well as in the real
model.
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