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Abstract

The paper presents the tuning method for the PID (Proportional
Integral Derivative) of special processes consisting of self-balance
with overshoot and self-imbalance with inverse response. It is a
continued study of process identification by numerical method and
PID controller design based on robust viewpoint. The self-balance
process with overshoot is identified by the second order plus dead
time with a negative zero (SOPDTZ), while the self-imbalance process
with inverse response is modeled by integrating plus first order plus
dead time (IFOPDT). To gain robust PID for processes, it requires
typical designs. While the SOPDTZ needs a filter of first order lag,
the IFOPDT requires to supplement integrating element for controller.
For illustration, the detail identification and tuning procedures are
presented via an example for each of the processes.
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1. Introduction

The open-loop identification is based on process response of step input.
The response curve of overshoot process shows an output exceeding its final
steady state value. Figure 1(a) presents the output capacity response of a
1200MW thermal power plant when the plant was excited by an input pulse
of fuel. Meanwhile, Figure 1(b) expresses the response of output capacity of
300MW thermal power plant with input pulse being the open rate of steam

control valve.
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Figure 1(a). Unit load responses to a decreased pulse step of fuel flow-rate

[3].
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Figure 1(b). Unit load responses to an increased pulse step of control valve

open rate [4].
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Figure 1(c). Unit load responses to an increased pulse step of control valve
open rate [5].

Figure 1(c) shows the behavior of water level drum of a boiler in thermal
power plant when feedwater flow increases. It is a self-imbalance process
with inverse response in an initial period.

The typical step response of self-balance process with overshoot is
presented in Figure 2(a), while the curve of a self-imbalance process with
inverse response is drawn in Figure 2(b).
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Figure 2(a). Typical step response of self-balance process with overshoot.
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Figure 2(b). Typical step response of self-imbalance process with inverse

response.

The reference [1] proposed the numerical method for process
identification based on dynamic step responses. The proposal has shown the
efficiency and got over the drawback of the manual method. In [1], the self-
balance process with overshoot has been identified by the second order plus
dead time with a negative zero (SOPDTZ), while the self-imbalance process
with inverse response was modeled by integrating plus first order with dead
time and a zero (IFOPDTZ). Moreover, the self-imbalance with inverse
response was shown to efficiently identify by integrating plus first order
with dead time (IFOPDT) for the convenience of controller synthesization

[2].

The identified models of the two processes are used to synthesize the

PID controller based on the robust control viewpoint presented in [2] and
[9].

This study is in continuation of the works [1] and [2] which proposed the
methodology including open-loop identification and PID controller tuning.

The paper is aimed at:

» to study the control errors of systems of the two special processes to

design the PID controllers basing on robust viewpoint;

» to apply the identification method to self-balance process with
overshoot.
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2. Process Identification

2.1. Identification of the self-balance process with overshoot

In [1], an identification method for self-balance processes including
overshoot is presented. The overshoot process is modeled by second order
plus dead time with a negative zero (SOPDTZ) by transfer function:

_ K (1 + bs) —Ts
Osorprz(s) = T+ T15) (1 + T2s) © v, (1)

where K is the gain factor, 7;, 7,, b are lag constants, T is the dead time,

and s is a complex variable.

The parameters of Ogopprz(s) must satisfy the conditions:
K>0, 120, T, T, b20.

These are defined by using “cleft-over-step” algorithm to solve the target

function of the optimal problem:

N
(Xy) = Z[y(ti’ X;) = yil* + (X)) - min x, 2
i=1

in which X is the parameter vector of Ogopprz(s) [5].If Ty # T», then

b ;-1 b LT
h-b 1 _Th=-b T
. = + 1 -2 ~ 2
y(tl, Xl) upK| 1 T e T e 3)
and X; ={K, T}, T», b, 1}. The pulse is u(r) = uy.1(z).
If Tl = T2 =T, then
ity T-b
(. X1) = upKe T [—2 +(6 - 1)—5 } “)
T T

and X; ={K, T, b, 1}.



158 Do Cao Trung

N is the number of measuring points, p and M(X) are penalty

coefficient and penalty function, respectively, [1].
2.2. Identification of the self-imbalance inverse response process

Based on [2], the self-imbalance process with inverse response is able to
be identified by IFOPDT with transfer function:

K _
Orroppr(s) = REIDN o, (5)

where K is the gain factor, T is a lag constant, T is the dead time, and s is a
complex variable.
These values are required to satisfy:
K>0, t=20, T=0. 6)
The parameters of Ojpoppr(s) are defined by using “cleft-over-step”
algorithm to solve the target function:

M

Jo(X2) = Z[)’(ti’ X3) = il + paMa(X) — miny, )
i=1

in which X, ={K, T, 1} is the parameter vector of O;roppr(s), while

_hiTt
y(t;, Xp) =ugK[t; =1 =T +Te T ] (1; > 1),

y(e)=0 (Or <), (8)

where M is the number of measuring points, p, and M,(X,) are penalty

coefficient and penalty function, respectively.
3. PID Controller for Processes

3.1. Robust controller [2, 7-9]

Closed-loop control in principle is shown in Figure 3 which includes

process O(s), controller R(s), input z, output y and disturbance A.
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Figure 3. Typical control structure.

O(s) in general type is given by O(s) = Op;(s)e™ ™ (Opy(s) is a

rational fraction of variable s, T is the dead time).

The robust controller is determined based on the model of O(s) as

follows:

1 _
R(s) = O_SOPL(S) L )

in which the lag constant 0 is defined as

e _ TemS (g—arctgmsj ( | 0)

(g - arctgmsj\/ms2 +1

In equation (10), m, is robustness index of the system shown in Figure

3. To synthesize the controller R(s), firstly, the robustness index my is
chosen in the range of [0.132; 2.318] [8]. Secondly, the lag constant 8 is
calculated by equation (10). Finally, the controller R(s) is conducted by
equation (9).

The robustness of the system with R(s) controller is established in
[2,7-9].
3.2. Robust controller for the self-balance process with overshoot

The overshoot process is identified by the model Ogopprz(s) (equation

(1)). The robust controller for this model is given by
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R(s) = 5= Opr(s)"

- (i)

4L

1+Tis)(1+ Tss
GK(( El)-l-(bs) : )j an

The controller R(s) given by (11) is not a PID structure. It is altered as

follows:

1 ((l + Tis) (1 + Tzs))

R(s) = (1 + bs) s6K

_ 1 (14(f +Ty)s + TTys?
(1 +bs) BsK

_ 1 (N +D I 4 0D
(1 + bS) GK (Tl + Tz)S Tl + T2

1 KP(L+1+TDSJ (12)

. . . . IT:
in which T; =T + T, is the integral constant, T, = T—2 is the derivative
1

constant and Kp = is the gain coefficient.

GK

The controller R(s) in equation (12) consists of a PID controller and a
first order lag. This first order is designed as a filter and the controller R(s)

becomes a PID and a first order filter in series.
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Figure 4. PID controller and filter.

The new control structure is redesigned as shown in Figure 4. In it F(s)

is the filter function of a first order lag:

F(s) = ﬁ (13)

The filter function F(s) is set unchanged according to the identified
function Ogppprz(s) in equation (1). Meanwhile, the robust controller
R(s) is tuned by tuning the parameters of the PID controller via varying the
robustness index m; of the system.

3.3. Robust controller for the self-imbalance process with inverse
response

With identified model IFOPDT in equation (5), the robust controller is
as follows:

R(s) = g 1+ 75) = Kp(1 + 7))

=%+&s=cl+czs, (14)
where
Kp —%, Tp =T, ¢ =%, 1) =%.
4. Control Errors of Control System
4.1. Methods

In control structure of Figure 3, suppose Z(s), A(s), Y(s) and E(s) are

Laplace functions of z, A, y and €, respectively. The output is created by
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both set point (z) and disturbance (A) signals, calculated as below:

R(s)O(s)
1+ R(s)O(s)

O(s)

r(s) = T+ R(:)00)

Z(s) + Als). (15)

The error is given by
E(s) = Z(s) =¥ (s)

R(s)O(s)
1+ R(s)O(s)

O(s)

=Z(s) - T+ R()0G)

Z(s) - A(s)

where

1
Wez(s) =W’

O(s)

We (s) = TTFRB)00) (16)

Set
E_(s) = W, (s)Z(s), Ex(s) = WenA(s). (17)
From this, it follows that
E(s) = E.(s) + Ex(s), (18)

where E_(s) and Ej (s) are errors created by Z(s) and A(s), respectively,
We,(s) is the transfer function from set point z to € (zchannel: z - €);

Wy (s) is the transfer function from disturbance A to € (A channel: A — €).
Analyzing We,(s) and W) (s) by Taylor chain in s = 0, we have
Weo(s) = co +eps + cps” + -,

Wep(s) = do + dys + dys® + - (19)
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with
dwe, (s
co = WSZ(O)’ = #() 5 eee
s=0
and
_ — dWs)\(s)
dy =Wy (0); o = Palsl)
ds s=0

Put equation (14) and equation (15) into equation (12) of E, (s) and
E)(s), and then take the inverse Laplace under the condition that z(¢) and

A(7) are continuously differentiable in the range ¢ 0 (0; o):
e,(t) = coz(t) + c12'(r) + c22"(1) + -+,
& (1) = doA(z) + d\'(2) + doA"(2) +---. (20)
The functions €_(r) and €)(r) of time variable ¢ are errors of control
processes of z and A channels, respectively. The values of ¢y and d are
coefficients of static errors, ¢; and dj are coefficients of velocity errors,

¢, and d, are coefficients of acceleration errors, ... Based on the dynamic

characteristics of the system, some of coefficients are equal to zero.

Consider the system in Figure 3 with the controller R(s) of PID type
including control signal z(t) and disturbance A(¢). Suppose that the inputs
are step pulses meaning z(r) = z(.1(z), A(r) = Ao.1(z), where z; and A are
constants.

Based on equations (14) and (15), it is concluded that the error of the

control channel z in steady state is as below:

E.() = lim E.(1) = lim [s£.(s)

200 = im0 )%

20 lim [WSZ (S)]
s-0
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Therefore,

E_ () = z lin}) We, (s) (21)

and the error of disturbance channel A in steady state is given by

E\(w) = lim E)(r) = Shf}) [sEx (5)]

—

lim [sWey (s)A(s)] = lim [SWSA (S)ATO}

50 50
= Ao sh_r'% [Wea (5))-
Therefore,
Ex () = Ao lim Wey (). (22)

4.2. Control errors of the overshoot and inverse systems

This sub-section calculates the control errors in steady state of the
overshoot system of SOPDTZ model with robust controller in equation (12)

and inverse system of IFOPDT model with robust controller equation (14).
4.2.1. Errors of overshoot system of SOPDTZ and PID controller

From equations (21) and (22), the error of z channel is derived as

E_ (%) = zg liH})Wez(S) = zp lim
S —

1
501+ R(s)O(s)
_ 1
0T lim R(s)0(s)

S —

1

~ %07+ Iim R(s) Olim O(s)”
S—>0 S —»0

(23)
in which

. . 1 1
= — —+1+
shiI%)R(s) shf}) (1 +bs) KP(TIS : TDS)
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= hn}) @ +b yH Dhm KP(T; +1 +TDS)
= lim 1 K %mGL+HT0
s—o(+bs) P 0\T, b
= 10Kp () = o0
and
lim O(s) = lim Ogopptz(s) = hm K(1 + bs) e
50 50 o (L+Tis) (1 + Ts)
lim K(1 + bs)
ST (T T
5 -
-f0=k

Replacing equations (24) and (25) into equation (23), we have
Ez (oo) =20 =0.
The error of A channel is as follows:

s (00) = Ao Tim Wor (s) = Ao Tim —C08)
)\(°°) Osl_% e)\(S) Osl_{%l " R( )0(s)

lim O(s
lim (s) K

=hoT3 i R(s) im O0) MNirer =

165

24

(25

(26)

27)

Finally, the error of control system which is created from equation (18)

is given by

E(s) = Ez(s) +E\(s)=0+0=0.

(28)

Equations (26)-(28) show that the overshoot control system consisting of
SOPDTZ model and PID robust controller (equation (12)) give the errors in
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control channel z and disturbance channel A by zero in steady state leading to
the error of control system annulled. In other words, this control structure

always guarantees y(c) = z.

4.2.2. Errors of inverse system of IFOPDT and PD controller
From equations (21) and (22), the error of A channel is derived as
follows:

_ . _ ) 1
Ex(e0) = 2o lim We:(s) = 20 lim +=2050()

1

= 07T+ Iim R(s) Olim 0(s)”
S—»O S—»O

where

lim R(s) = lim Kp(1 + Tys)

s-0 s-0

Kp(l + lim TdS) = KP(I + TdO) = KP (29)
0

S —

and

-T1s

lim O(s lim O s)=lim ———=e¢

K ) —Ts
= ———— lim e
so0s(L+Ts) o

[ = oo. (30)
From equations (29) and (30), we obtain

E.(w) = #I?E(w) = 0. 31)

The error of A channel is as follows:

i : O(s
(o) =0 i a1 =0 o - o,
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= Ao lim| —————
o RO)

=}\0 - 1 . .
Tim o) * <)
s -0

From equations (29) and (30), we have

Ey() = ~4—— A\ (32)

—+

Finally, the error of control system as given by equation (18) is

E(s) = E.(s) + Ex(s) =0 + (_I);_(I)pj - ‘2_2' (33)

Equations (31)-(33) show that the integrating inverse control system
consisting of [IFOPDT model and PD robust controller (equation (12)) gives
the error as zero of z control channel in steady state. However, it provides
the error of the A disturbance channel leading to the error of control system
not annulled. In other words, this control structure does not make y(co)

equal to zy in the final. This means that the structure needs to be modified

for rejection of the error of disturbance channel. The requirement is fulfilled

by adding the anti-disturbance element to the robust controller PD.

5. Anti-disturbance Supplement for Robust PD Controller

Based on the analysis in Section 4, the PD controller needs to complete

the integral element (/). Besides, the proportional (P) is also to be
supplemented to higher anti-disturbance of the system. It means that ARp; is

to be added to original controller PD R(s). New PID robust controller now



168 Do Cao Trung
becomes:
s 0
RYs) = R(s) + ARp; = TO +p t s,

in which

CF =¢(1+B), c(l)] = CP(l + B)A,

where parameters ¢;, ¢, of the PD controller given by

=L =L
178k’ 276K
are coefficients, and A, B are defined as
B = 0,20%6‘2 - 0,350066'1
at ’ 2C1T le)

with
_1/n
W, = ? E —arctan my |.
6. Example

6.1. Steps of implementation

(34)

In this part, a self-balance process with overshoot and a self-imbalance

with inverse response of complicated functions are considered for

illustration. The methodology is simulated including identification technique

and robust PID controller tuning process.

The procedure is implemented via three steps as below:

* st step_Process identification (model deduction):

The open-loop unit step responses of the processes are drawn to extract

parameters for building the target functions. We solve the optimal functions

(equation (2) and (7)) to define parameters of models (equations (1) and (5)).

Finally, the unit step and frequency responses of original and identified

models are drawn for comparison.
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* 2nd step_Robust controller tuning:

By using the identified models and chosen robustness indexes, the robust
controller for each process is calculated. After that, the qualitative control
indexes including steady time, overshoot and decay are withdrawn from the

closed-loop step response.
* 3rd step_PID controller tuning:

Analyzing qualitative indexes, perhaps some factors need to be

improved. This will be fulfilled by resetting the m, robustness index of the

system leading to tune the parameters of PID controllers.
6.2. Self-balance process with overshoot
6.2.1. Process identification
Examine the overshoot process with complex transfer function as below:

0,(s) = (1+25s)(1 +4.55)(1 +5.55) o3
1 (1+4s)([1+55) (1 +7s)(1 +8s)(1 +10s) '

(35

Its unit step response is drawn in Figure 5.

gt

0.2 T

0.4 T,

T T
100 200

Figure 5. Unit step response of O (s).
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The identification process is based on Section 2 whose detail is available
in [1].

Sub step 1. Target function

The curve has inflection point U(ts, ys) with y, =0.377. Since
g =y /(y()up) =0.377/1 =0.377 > 0.264, in model (1), choose T; =T5.

The unconstraint optimization function equation (2) uses the value of

y(t;, X;) in equation (4).
Take 30 measuring points of the curve in Figure 5 shown in Table 1.

Table 1. Parameters extracted from the curve

y ty 13 ty 15 t6
0 2.5 5 10 15 20
Y1 Y2 Y3 Y4 Y5 Y6
0 0 0.087 0.587 0.995 1.201
7 18 Iy o n1 n2
25 30 35 40 45 50
y7 y8 Y9 Y10 Y Y12

1.262 1.249 1.206 1.157 1.115 1.080
n3 N4 Is5 e n7 ns
55 60 65 70 75 80

Y13 Y14 Y15 Y16 N7 Y18
1.055 1.037 1.025 1.016 1.010 1.007
n9 20 1 122 123 24
85 90 95 100 105 110
Y19 ¥20 y21 y22 y23 Y24
1.004 1.003 1.002 1.001 1.001 1.001
125 126 127 128 129 130
115 120 125 130 135 140
y25 ¥26 y27 y28 ¥29 Y30

1.001 1.001 1.001 1.001 1 1
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Replace parameters in Table 1 into target function equation (2) to get

the optimization function J(X). The roots are the parameters of the model

described by equation (1).
Sub step 2. Solving the target function

The optimal function equation (2) is solved by cleft-over algorithm [1].

It needs the start vector of model parameters X ={Ky, Ty, by, To}- This

vector is set based on the unit step response in Figure 5.
The start vector X = {Kq, Ty, by, To} is
K() =1 T() =9; b() =18; Tp = 3. (36)

The gain factor K is set unchangingly, means K is not an optimizing

variable.
After 1034 iterative steps of optimal algorithm, the root is achieved:
K =1, T =12.458; b =30.475; 1=5.291. (37
Replace above values into (1) gaining the identified model as

Oi(s) _ 1+30.475s o 321s (38)

(1+12.458s)>

The result means that the step response curve in Figure 5 is
approximated by model in equation (38) or the original complex model in

equation (35) is deducted to simple model in equation (38).
Sub step 3. Comparison

The quality of identified model Oj(s) is tested by comparing its
time response and frequency response with those of original model Oj(s)

(equation (35)).
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gt

0.8 T

0.4 T

IIIJU 260
Figure 6. Unit step responses of O;(s) and Oj(s): O(s)_Black,
O;(s) _Blue.

ok
M { o ;

"

Figure 7. Frequency characteristics of O;(s) and Oj(s): O;(s)_Black,
O (s)_Blue.

The unit step responses of O;(s) and Oj(s) are expressed in Figure 6.
The frequency characteristics of O;(s) and Oj(s) are shown in Figure 7, in

which the curve of O(s) is in black and that of Oj(s) is in blue.
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The curves show that approximated model Oj(s) is acceptable to design

controller.
6.2.2. Robust controller design

In this step, the robust controller R(s) equation (9) is synthesized for
0y (s) and robust PID controller equation (12) is solved for identified model

(38). In both the cases, the robustness index is set the same.

The robustness index m, of the control system varies in the range from
0.132 to 2.318 [8]. Based on this value, the lag coefficient 0 is determined
by equation (10).

Sub step 4. Robust controller for O (s)

Choose mg = 0.71, and replace into equation (10) (with T =3) to
obtain the lag coefficient © = 5.049. From this value, the controller R;(s)
by (9) becomes

(1+4s)(1+5s)(1+7s)(1+8s)(1 +10s) ‘

R;(s) =0.198 s(1+255) (1 + 4.55) (1 + 5.55)

(39)

Sub step 5. Robust controller for O (s)

Choose mg = 0.71, and replace into (10) (with T = 5.291) to obtain the
lag coefficient © = 8.905. From this value, the controller Rj(s) by (12) is

given as follows:

Ly 2791 1
Ri(s) = 15304755 (24.916s T 6229”‘) (40)

In (40), the PID controller is given by

2.791( +1+ 6.229sj 41)

24.916s

and the filter function by

1

1+30475s° (42)

F(s) =
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Sub step 6. Closed-loop control qualities

To test the control qualities of Rj(s) controller equation (14), both
controller equations (13) and (14) are used for closed control loop of 01(s)
process.

The unit step responses of O;(s) closed-loop for each R;(s) and Rj(s)

controllers are shown in Figure 8.

Yith

MESE

0.8 T

0.4 T

1$O 2$U
Figure 8. Closed-loop step responses of Rj(s) and Rj(s): R,(s)_Blue,
R|(s) _Red.

Three qualitative factors of Rj(s) are as follows:

+ Steady time (time from active moment to process value reaching

(100 £ 5)% of set point: T, = 41.67.
+ Overshoot:

5= Ymax ~ ¥(®) =16.4%.

y(e)

+ Decay (ratio of second and first peaks): D = 90%.
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In comparison, the Rj(s) controller gives better qualitative factors
but the factor expressed by Rj(s) is fairly good. It suggests that Rj(s) is

acceptable for initial setting of the PID controller for process.

Sub step 7. Retuning controller for better qualities

For detail requirements of each process, it may be needed to improve
some factors. This is fulfilled by modifying the robustness index m, of the
system. For example, to reduce the overshoot & factor, higher m from 0.71

to 0.972, the 0 lag coefficient now is 10.317. It gives the new controller
Rj(s) as follows:

Ri' S) —_

_ 2417 1
1 +30.475s

34916 +1+ 6.229sj. (43)

The PID controller with smaller gain becomes

1
24.916s

2.417( +1+ 6.229s), (44)

while the filter still remains unchanged in equation (42).

Now, the control qualities of the three controllers are compared.

gty

A

Ao

0.2 T

04T

léD 260
Figure 9. Closed-loop step responses of R(s), Rj(s), R{(s): R,(s)_Blue,
R|(s) _Red, R{(s) _Violet.
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Figure 9 shows Oj(s) closed-loop response to unit step input of R;(s),
R{(s) and Rj(s).

The result shows that R{(s) gives lower & about 10% in comparison
with those of R'(s). In practice, parameters of controller are able to tune for

a better control qualitative factor according to the real requirement.
6.3. Self-imbalance process with inverse

After the detailed presentation above of the self-balance process with
overshoot, a brief procedure is expressed for self-imbalance process with

inverse.
6.3.1. Process identification

The integrating process with inverse response is presented in equation
(45). This model is similar to the one studied by Kaya in [10] but added the
inverse response. In [2], the model of Pai et al. [6] was also studied giving
good result:

1-1.5s -3.55
0:(5) = ST+ 0.2%) (1(+ 0.55) ()1 +5) (1 +10s) € . 43)

The step response of O,(s) is shown in Figure 10.

yin

241

0.8 7T

Figure 10. Unit step pulse response of O, (s).
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This process is identified by IFOPDT model by using data from the
response curve in Figure 10. The identified model is as follows:

cov_ 0759 7003
03(s) = s(1+6.2025) € ' (46)
ul(;)
;
f
1.6 /
.’/
0.8 "‘;
a’/"
w‘/"/ + t t

Figure 11. Time responses of O, (s) and O5(s).

Figure 12. Frequency responses of O,(s) and O5(s).
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The time and frequency responses of O,(s) and O5(s) to unit step pulse
are shown in Figures 11 and 12. It can be seen that the identification gets

high quality.
6.3.2. Original robust controller
The PD robust controller (14) with m, = 0.71 (8 = 2.838) for 05(s) is
given by
Ry (s) = 0.069 (1 + 5.445s). “7
The system of robust controller R,(s) in equation (47) and process
0,(s) (equation (45)) give closed-loop responses presented in Figure 13

including z (control) and A (disturbance) channels.

wn R

t T T
100 200 300

-4 +

-8+

Figure 13. Closed-loop responses of PD controller R,(s) in z and A

channels.
In z channel, the qualities are:

+ Steady time (time from active moment to process value reaching
(100 £ 5)% of set point: T, = 60.433.
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+ Overshoot:

5= Ymax = X®) = 13610

¥()
+ Decay (ratio of second and first peaks): D = 100%.

The result shows that the error in disturbance channel is not nulled

complying with the demonstration above.
6.3.3. Anti-disturbance robust controller

The PID robust controller (34) with my = 0.71 (6 = 2.838) for O5(s) is

as follows:

1
42.532s

R5(s) = 0.098 (1 + + 5.445sj. (48)

yitd

-10 +

-20 +

Figure 14. Responses of R,(s) in z and A channels: z channel_black,

channel_blue.
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The system of robust controller R,(s) in equation (48) and process
0,(s) (equation (45)) give closed-loop responses presented in Figure 14

including z (control) and A (disturbance) channels.
In z channel, the qualities are:

+ Steady time (time from active moment to process value reaching
(100 £ 5)% of set point: T, =167.25.

+ Overshoot:

5= M = 48.89%.
(o)

+ Decay (ratio of second and first peaks): D = 100%.

In the A (disturbance) channel, the error is nulled due to ARp; (in
equation (34)) element added to R, (s). However, the element also makes

the steady time in z (control) channel of the system to be longer and the

overshoot value to be higher.
7. Conclusions

The paper is in continuation of the work on process identification and
PID tuning based on robust viewpoint. For identification, it is based on
numerical technique of cleft-over optimal algorithm presented in [1] which
applied the method for self-balance process without overshoot. In this study,
the method continuously applied for overshoot process with identified model
of second order plus dead time with a negative zero (SOPDTZ), and self-
imbalance process with inverse response by integrating first order plus dead
time (IFOPDT). The results show that the technique is fairly good for the

identification of overshoot and inverse processes.

For tuning work, the robust-based controller synthesized from SOPDTZ

model needs to be modified to get PID controller. This is carried out by
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analyzing the controller into a PID controller and a first order lag filter

connected in series. Meanwhile, the PD controller from IFOPDT model is

supplemented for the P and I elements for anti-disturbance.

The closed-loop control quality of the PID controllers in both the cases

is acceptable and the qualitative control factors are able to improve with the

modification of the robustness index of the system.

The methodology of identification and tuning works for overshoot

process is comprehensive, reliable and promising for application.
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