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Abstract
Digital controller simulation using MATLAB the minimum beat deviation system z domain, and
transformed it in 6 domain. Using the & transformation’s nature of approximating the continuous domain in
small sampling period, we simulated the controller.
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1. Introduction

In Digital servo system, require the system output values as soon as possible to track a
given value change. The minimum beat error is designed for the requirement. But in the z-
transform traditional discretization method, if using a high sampling frequency, discrete-time
model of minimum phase system becomes unstable zero non-minimum phase systems, and
also generates computational accuracy deterioration and other problems. This article will take
advantage of the & domain nearly continuous domain in a high sampling frequency to design
the controller, and to overcome the lack of the z-domain transform [1].

This article simulates the digital controller's minimum beat error system in the z domain,
then transformed it in & domain, compared the controller's two situations, and analyzed the
experimental results in both cases.

2. Research Method
2.1.Minimum beat design error system in z-domain

The so-called Minimum beat system state is the closed-loop system for a particular
input to achieve no static error steady state with the minimum sampling period. The closed-loop
pulse transfer function has the following form [2]:

D(2)=D 2z +D,z72+--+ Dz " ™)

N is the smallest integer possible. Control system structure is shown in Figure 1.
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Figure 1. Schematic diagram of the whole control system
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D(z)is the pulse transfer function of the digital controller. G (S) is the transfer function
of the controlled object.W (S) is the correction element in series of the continuous control
system. lts role is to change the pole-zero configurations to achieve the desired continuous
control law. The more common zero-order hold was added to the figure to make u*(t) change

into a continuous signal applying to the controlled object.
The pulse transfer function of E(z)is [3]:

E(z) _R(2)-Y(2)
R(z)  R(2)

@, (2) =
()

E(2) is the z-transformation of the digital controller input signal. Error function E(2)is [4]

E(z) = ®,(2)R(z) =[1- ®(2)]IR(2) (3)

According to the final value of the z-transform theorem, the steady-state error of the
system is

e(e0) = lim(1-z1)E(z) = lim(1- 2 1)®, (z)R(2)
x—1 z—1
Typical power function of the input function is

r('[)=A0+A1t+...+ﬁtql

)
Its z-transform is
B(z)
R(2)=——"3x
@-zm:" (©6)

B(z) is does not contain factor (1—z™) polynomial for z*.
To make the steady-state deviation e(0)is zero, so ®,(z) must contain at least a
factor of (1—z )% that is [5]:

®,(2) =1-@(2)=(1-2")"F(2)

To make the deviation as soon as possible to zero, ( should meet:

a=n (®)
From the requirement of accuracy, ®,(z) should meet:
(De(z)=1_(D(Z)=(1_Zil)q|:(z) (9)

To make the design of the digital controller is the most simple form of the lowest order,
must make F(z)=1.
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2.2. ddomain Minimum beat error system design

0 transformation is a discrete domain description method developed in recent years. &
conversion when the sampling period is small, discrete model of pole-zero densely located near
Z=1, very prone to modeling errors [6]. Finite word-length computer will bring greater
quantization error and nonlinear effects. & conversion characteristics is discrete model close to
the original continuous model in small sampling period, overcoming the deficiencies of the z-
conversion. Better value characteristics in the realization of the digital computer, especially a lot
of well-known continuous domain design concepts and design methods can be directly
approximated for & transformation, does not have to be converted to the appropriate concepts
and methods of the z domain, which gives the designer convenience.

Define the & transformation of the discrete function f (K) [7]:

FE)=ALF (] =T f(i)(T5+D"
i=0 (10)

It is shown that & conversion and the z conversion of the sampling signal have the same
form. amplitude difference between the T-fold. A conversion can be defined as a direct.
z-1
6=Z " orz=T6+1 (11)
T
sT

Make s=2+jQ ,6=c+ jm,5+?:?,we can get:

1 eZTaiar
(c+)+ jo=—7—
T T (12)

Calculate the value of both sides, we can get:
1 eZT
(c+2) +0 = (=)
T T (13)
- . o1 _ , 1
0 domain’s stability domain is (-?, 0) as the center, and the radius of a circle of ?

The 0 transform of the function of the Z-transform can be directly obtained [8]:

Gc (6):Gc (Z) |z:1+Tﬁ ®(8) :q)(Z) |z:1+T6 q)e (8) :q)e (Z) |z:1+T6 (14)

3. Results and Analysis

Transfer function of be controlled is G, (S) :L, T =T, =0.05s. Fast system
S(T, +1)
controller designed for the speed of the input function:
—Ts
G(s) = 1-e~ 5
s s(Tg+1) (15)
G(s) Conversion into z-domain:
-1 -1 -1

G(z)=5(-zY)[ Tz N T - TST 1= 0.184_21 1+ 0.7182_1 )

@-z7) 1-z L Toqt (1-z7)2-0.368z7)

—-e 7

(16)
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Designed for speed input, so

D, (z)=(@1-27") (17)

Closed-loop transfer function of speed input system to achieve the requirements of the
system

d(z)=27"-1"7 (18)
1 ®(z) _10.87(1-0.527)(L-0.3682")

D(z) = G(z) 1-0(z) (1-z7")(1+0.718z7")

(19)

D(z) is the pulse transfer function of the digital controller of a computer to achieve.
Now convert it to the & domain:

3.68(5 +34. 36)
5(6+12.64) (20)

G(6)=G(2)|z=Té+1=

1 ®@B) _10.87(5 +10)(5 +12. 64)
G(5) 1-d(8) 5(5 +34. 36) 21)

D(8) =

In the system of the input signal for speed, figure 2 is the output of the system in the z-
domain using MATLAB simulation, figure 3 is the output of the system in the 8-domain using
MATLAB simulation. Compare the two figures, the output of system in the &-domain can track
the signal better, the output of system in the z-domain failed to produce such results. Figure 4 is
the output of the controller in the z-domain. Figure 5 is the output of the controller in the &-
domain. The output of the controller in the z-domain has a lager overshoot, and spent a long
time to reach steady state. The output of the controller in the 8-domain has a small overshoot,
and reach the steady state fast. We can get better result in the 8-domain when using a high
sampling frequency .In their formulation it must be considered that using appropriate control
rules depending on the operating conditions can greatly improve the inverter performances in
terms of dynamic response and robustness [9].
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Figure 2. z-domain system output Figure 3. 8-domain system output
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Figure 4. z-domain controller output Figure 5. 8-domain controller output

4. Conclusion

Model-based design process is selected as design flow for acceleration and

simplification of developing process [10]. Because of the computer “s finite word-length, the
discretization of the system will become nonlinear and bring large error. We can take advantage
of the & domain nearly continuous domain in a high sampling frequency to overcome the lack of
the z-domain transform.

References

(1]
(2]
(3]
(4]
(5]
6]
(7]
(8]
9]

[10]

Wu Jie, Deng Zhi. A self-tuning SVC controller using &-operator. Power System Technology. 1998;
22(5): 10-13.

Li Zhengjun. Computer Control System. Beijing: First Edition: Mechanical Industry Press. 2005; 165-
167.

Zhang Defeng. The MATLAB automatic control system design, Beijing: First Edition: Mechanical
Industry Press. 2010; 102-104.

Xue Dingyu. Based on MATLAB/Simulink system simulation technology and application. Beijing:
Second Edition: Tsinghua University Press. 2011; 129-131

Xue Dingyu, Chen Quanyang. The control mathematical problem on MATLAB. Beijing: First Edition:
Tsinghua University Press. 2007; 55-57.

Zhai Changlian, Liu Xiaoyan, Wu Zhiming. 8-operator described the variable structure control of
discrete systems. Journal of Shanghai Jiaotong University.1998; 32(8): 69-72.

Jinjing Xi Tomio. Computer Control System Application Entry & Operator, Beijing: First Edition: Beijing
University of Aeronautics and Astronautics Press. 1996; 14-20.

Chen Xuemei, Wang Ping. Darling algorithm simulation in the z-domain and & domain. Journal of
Tianjin Polytechnic University. 2004; 23(1): 73-75.

Zahra Malekjamshidi, Mohammad Jafari, Kourosh Mahmoodi. Operation of a Fuzzy Controlled Half-
Bridge DC-Converter as a Welding Current-Source. TELKOMNIKA. 2012; 10(1): 17-24.

Hendra Setiawan, Yuhei Nagao, Masayuki Kurosaki, and Hiroshi Ochi. IEEE 802. 11n Physical Layer
Implementation on Field Programmable Gate Array. TELKOMNIKA. 2011; 10(1): 67-74.

TELKOMNIKA Vol. 11, No. 1, January 2013 : 253 — 257



