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Abstract

The dynamics of a first order delay system is highly nonlinear, time variant, uncertain
and coupling effects. The main objectives to control of first order delay system are time
response and acceleration measurements. The problem of acceleration measurements can
be reduced, based on design sensor-less Proportional-Integral-Derivative (PID) filter
controller in this research. Assuming unstructured uncertainties and structure
uncertainties can be defined into one term and considered as an uncertainty and external
disturbance, the problem of computation burden and large number of parameters can be
solved to some extent. To solve the uncertainties acceleration measurements play an
important role. In order to design sensor-less PID filter controller, an accurate PD
surface and the derivative of PD surface plays important role. To design an accurate PD
surface, stable and tuning surface slope is needed to form the structure of main PID
controller. In this algorithm, the derivative of PD surface computes the second derivation
of error. Regarding to this method, the challenge of system uncertainties and time
response have been solved based on sensor-less acceleration linear filter controller. As
this point if S = K;e + ¢é + K, ) e is chosen as desired surface, if the dynamic of first
order delay is derived to surface then the linearization can be realized. Because, when the
system dynamic is on the surface is used the derivative of surface S = K;é + & + K,e is
equal to the zero that is a decoupled and linearized closed-loop systems dynamics.
Linearization and decoupling by the above method can be obtained in spite of the quality
of the first order delay dynamic model.

Keywords: First order delays system, position PID controller, sensor-less control
algorithm, PD surface algorithm

1. Introduction and Background

In modern usage, the word of control has many meanings, this word is usually taken to
mean regulate, direct or command. The word feedback plays a vital role in the advance
engineering and science. The conceptual frame work in Feed-back theory has developed
only since world war II. In the twentieth century, there was a rapid growth in the
application of feedback controllers in process industries. According to Ogata, to do the
first significant work in three-term or PID controllers which Nicholas Minorsky worked
on it by automatic controllers in 1922. In 1934, Stefen Black was invention of the
feedback amplifiers to develop the negative feedback amplifier[1-3]. Negative feedback
invited communications engineer Harold Black in 1928 and it occurs when the output is
subtracted from the input. Automatic control has played an important role in advance
science and engineering and its extreme importance in many industrial applications, i.e.,
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aerospace, mechanical engineering and robotic systems. The first significant work in
automatic control was James Watt’s centrifugal governor for the speed control in motor
engine in eighteenth century[4-7].

There are several methods to control of first order delay system, which all of them
follow two common goals, namely, hardware/software implementation and acceptable
performance. In linear control theory the transfer function is linear functions which,
divided into the following algorithms:

e  Proportional algorithm
Integral algorithm
Derivative algorithm
Proportional-Integral algorithm
Proportional-Derivative algorithm
Proportional-Integral-Derivative algorithm.

Control action in PID controllers can be expressed with simple model-free techniques.
Given the dominance of conventional PID control in industrial control, it is significant
both in theory and in practice if a controller can be found that is capable of outperforming
the PID controller with comparable ease of use. Some of PID controllers are quite close to
this dream. The majority of applications during the past two decades belong to the class of
PID controller in industries. These controllers can be further classified into three types:
the direct action (DA) type, the gain scheduling (GS) type and a combination of DA and
GS types. The majority of PIDC applications belong to the DA type; here the PID
controller is placed within the feedback control loop, and computes the PID coefficients
through trial and error. In GS type controllers, supervisory technique is used to compute
the individual PID gains. From the recent years, the majority of the research work on PID
controllers focuses on the two-input Pl or PD type controller. However, PID controller
design is still a complex task due to the involvement of a large number of parameters in
defining the coefficients and the rates of K,, K, and K; with each others. By expressing
the coefficients in different forms, each PID structure is distinctly identified. The simple
analytical procedure has developed to deduce the closed form solution for a three-input
controller. This solution is used to identify the PID action of each structure type in the
dissociated form [1-6]. The solution for SISO nonlinear system illustrates the effect of
nonlinearity tuning. The design of a PID controller is then treated as a two-level tuning
problem. The first level tunes the PID gains and the second level tunes the initial on-line
tuning gains, including scale factors of PID variables [8-11]. The two type gains are
deduced and explicitly have been presented by assigning a minimum time. Tuning of the
characteristics of different PID structures is evaluated with respect to their functional
behaviors. Proportional type control is used to responds immediately to difference of
control input variables by immediately changing its influences variables, but this type of
control is unable to eliminate the control input difference. PD controller is widely used in
control process where the results are sensitive to exceeded of set point. This controller,
like Proportional controller, has permanent variation in presence of self-limitation control.
The Derivative component in this type of methodology is used to cancel outs the change
process variables change in presence of quick change in controllers input. Integral term
category, integrate the input signal deviation over a period of time. This part of controller
is used to system stability after a long period of time. In contrast of Proportional type of
controller, this type of controller used to eliminate the deviation. According to integral
type of controller, it takes relatively long time [10-13]. The proportional type controller
used to immediately response to the input variations. The proportional-integral (PI)
controller has the advantages of both proportional and integral controller; it is rapid
response to the input deviation as well as the exact control at the desired input. The
combination of proportional (P) component, integral (I) component with a derivative (D)
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controller offered advantages in each case. This type of controller has rapid response to
the input deviation, the exact control at the desired input as well as fast response to the
disturbances. The PID controller takes the error between the desired joint variables and
the actual joint variables. A proportional-derivative integral control system can easily be
implemented. This method does not provide sufficient control for systems with time-
varying parameters or highly nonlinear systems. An Important question which comes to
mind is that why this proposed methodology should be used when lots of control
techniques are accessible? Answering to this question is the main objective in this part.
First order delay system is nonlinear and delay system. The problem of nonlinearity can
be reduced in linear control technique, with the following two methods [14-15]:

e Limiting the performance of the system
e System linearization

Therefore linear type of controller, such as PD or PID cannot be having a good
performance. Consequently, to have a good performance, linearization and decoupling
without using many gears, online tuning control methodologies is presented and applied
to linear control technique [16-18].

This paper is organized as follows:

e Second part focuses on the system modeling dynamic formulation and theory
of linear control technique.

e Third part is focused on the methodology.

o Simulation result and discussion is illustrated in forth part.

e The last part focuses on the conclusion and compare between this method and
the other ones.

2. Theory

Delay First Order Plant: Many industrial processes can be represented by a first order
model; equation (1) shows the mathematical plant model (in s-plane). Discrete transfer
function of this model has obtained using ZOH method, and the selected sampling period
(T) is 0.1, equation (2) shows the discrete transfer functions, (in z-plane).

1 1
CS =—
1) =577
and;
0.09516 2
CSl(Z) = m , T = 0.1
The time delay occurs when a sensor or an actuator are used with a physical separation.
Equation (3) shows the mathematical plant model (in s-plane). Discrete transfer functions
of this model has been obtained using ZOH method, and the selected sampling period (T)
is 0.1, equation (4 and 5) show the discrete transfer functions, (in z-plane).
@)
CSy(s) = 55—~
)= @ sT D
CS,(2) =Z7%x(CS1(2) 4)
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Proportional (P) control: Proportional algorithm is used to responds immediately to
difference of control input variables by immediately changing its influences variables, but
this type of control is unable to eliminate the control input difference. Figure 1 shows the
block diagram of proportional controller.
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Figure 1. Block Diagram of Proportional Controller

Proportional plus Derivative (PD) control: This type of linear controller is widely
used in control process where the results are sensitive to exceeded of set point. This
controller, like Proportional controller, has permanent variation in presence of self-
limitation control. In mathematically, the formulation of Proportional-Derivative part
calculated as follows;

Upp =Ky x e+ K,(5) =K, x e + Kye

The Derivative component in this type of methodology is used to cancel outs the
change process variables change in presence of quick change in controllers input. Figure 2
shows the block diagram of Proportional-Derivative (PD) controller.
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Figure 2. Block Diagram of PD Controller

Integral (1) control: This category, integrate the input signal deviation over a period of
time. This part of controller is used to system stability after a long period of time. Figure
3 shows the block diagram of Integral (1) controller with application to robot manipulator.
In contrast of Proportional type of controller, this type of controller used to eliminate the
deviation. In mathematically, the formulation of integral part calculated as follows;
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I=;fe.dt=2e (7)
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Figure 3. Block Diagram of Integral Controller

Proportional plus Integral (PI) control: According to integral type of controller, it takes
relatively long time. The proportional type controller used to immediately response to the
input variations. The proportional-integral (PI) controller has the advantages of both
proportional and integral controller; it is rapid response to the input deviation as well as
the exact control at the desired input. Figure 4 shows the block diagram of PI controller.

Up=K,xe+KG[ed)=K,xe+K;Te (8)
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Figure 4. Block Diagram of Pl Controller

3. Methodology

The combination of proportional (P) component, integral (I) component with a
derivative (D) controller offered advantages in each case. This type of controller has rapid
response to the input deviation, the exact control at the desired input as well as fast
response to the disturbances. The PID controller takes the error between the desired
variables and the actual variables to control the first order delay system. A proportional-
derivative integral control system can easily be implemented. This method does not
provide sufficient control for systems with time-varying parameters or highly nonlinear
systems. Figure 5 shows the block diagram of PID controller. The formulation of PID
controller calculated as follows;

UPID :Kp Xe+Kl(%f3dt)+Kv(%) :Kp Xe+KiZe+Kvé (9)
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Figure 5. Block Diagram of PID Controller

To improve the system performance as well stability based on pure PID controller we
have the following challenge:
e Limiting the performance of the system according to the required velocities and
accelerations.

Regarding to type of system (first order delay), the rate of speed is the main objective
in this research. To improve the performance of PID controller as well stability surface
design is introduced. Uncertainties are very important challenges and caused to
overestimation of the bounds. As this point if S = K;e+é =0 is chosen as desired
surface, if the system’s dynamic is derived to surface and used to reduce the challenge of
uncertainty then the linearization and decoupling through the use of feedback, can be
realized. Because, when the system dynamic is on the surface the derivative of surface
S =K é+ é is equal to the zero that is a decoupled and linearized closed-loop system
dynamics. Linearization and decoupling by the above method can be obtained in spite of
the quality of the system dynamic model. It is well known fact that if the uncertainties are
very good compensate there is no need to use adaptive control which create the high
computation burden.

According to the theory, the main important part to design this controller is surface, a
time-varying surface s(x, t) in the state space R™ is given by the following formulation:

d 1
s(x,t) = (a + )" 1x=0 (10)
Based on (6) A is the sliding surface slope coefficient and it is positive constant. The
surface can be defined as Proportional-Derivative (PD), Proportional-Integral (PI) and the
Proportional-Integral-Derivative (PID). The following formulations represented the three
groups are:
SPD =Ade+e (11)
d (% (12)
s(x,t) = (—+ A" f xdt|=0
dt 0
A 1
SP,=Ae+(E)ZZe (13)
(14)

. A,
SPID:).e+e+(E) ze
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To have the stability and minimum error, the main objective is kept the surface slope
s(x, t) near to the zero. Therefore, one of the common strategies is to find input U outside
of s(x, t).

1d (15)
2 < —
7S ) = —{Is(x 1)
€ is positive constant.
If S(0)>0- $(t) < —¢ (16)
Derivative term of (s) is eliminated by limited integral from t=0 to t=t,-c4cn
t=treach . t=treach (17)
f S(t) < _f n- S (treach) - S(O) = _{(treach - 0)
t=0 t=0
treacn 1S the time that trajectories reach to the surface. If S, . = 0 the formulation of
t,eacnCalculated by;
5(0) (18)
0- S(O) < _n(treach) = treach = ?
IfS(0)<0
1S(0)] (19)
0- S(O) < _n(treach) - S(O) < _((treach) - treach <
This formulation is guarantee time to reach the sliding surface is smaller than 'S(—(O)' since
the trajectories are outside of S(t).
if St, oo, =S(0) > error(x —xq) =0 (20)
d 21
s(x,t):(a+l) X=x—%xq) +A(x—xq) (21)
The change of sliding surface (S) is;
§=(%—%q) +AX—%q) (22)
S=2e+é (23)
The final formulation of control design is:
Uproposea = Kp X e+ K; Y e+ K,e +s(x,t) + s(x,t) (24)
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4. Result and Discussion

Reduce the rise time: regarding to Figure 6, the PID controller’s rise time is about 0.827
second but in proposed controller this delay is about zero second. Regarding to following

Figure this method can reduce the rise time about 200%.
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Figure 6. PID Controller and Sensor-less PID Controller

Power of Disturbance rejection: Figure 7 has been shown the power disturbance
elimination in conventional PID controller and sensor-less PID controller. Regarding to
the following Figure, in presence of uncertainty conventional PID controller has
fluctuation and the rise time in this type of controller increase from 0.827 second to 1.289
second. Regarding to following Figure, proposed controller has not oscillation as well rise
time. Regarding to the following graph, proposed method has about 12% dip in presence

of uncertainty.
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Figure 7. PID Controller and Sensor-less PID Controller in Presence of
Uncertainty

5. Conclusion
Design sensor-less PID controller is investigated in this research. The main problems
of first order delay system are rise-time, coupling effect and stability. To improve the
coupling effect, PID controller was introduced but caused to reduce system performance
as well rise-time. To improve these challenges and improve the PID controller, we design
a PD surface and the integral of surface. This algorithm can improve the rise-time about
200% in certain and 300% in uncertain condition compare to conventional PID controller.
This algorithm caused to improve the stability and robustness in comparison with PID
controller (see Figure 7). Regarding to result and discussion, in presence of uncertainty

PID algorithm has 40% overshoot which, eliminate this challenge by proposed method.
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