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Although many methods about the control of irregular external noise have been introduced
and implemented, it is still necessary to design a controller that will be more effective and
efficient methods to exclude for various noises. Accumulation of errors due to model tracking,
internal noises (thermal noise, shot noise and 1/f noise) that come from elements such as
resistor, diode and transistor etc. in the circuit system and numerical errors due to digital process
often destabilize the system and reduce the system performance. New stochastic controller is
adopted to remove those noises using conventional controller simultaneously. Design method of
a model tracking dual controller is proposed to improve the stability of system while removing
external and internal noises. In the study, design process of the model tracking dual stochastic
controller is introduced that improves system performance and guarantees robustness under
irregular internal noises which can be created internally. The model tracking dual stochastic
controller utilizing F-P-K stochastic control technique developed earlier is implemented to
reveal its performance via simulation.
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1. Introduction

There are various ways for improving perform-
ance of system that design control system and cor-
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rect stability. Much research has been done about
dual control techniques to achieve these purposes
simultaneously. Normally dual control technique
is used to improve control performance and sta-
bility of system.(Knohl et al., 2003) Lot of study
have been carried out to design dual controller with
a neural network and adaptive method.(Allison
et al., 1995 ; Fabri, and Kandirkamanathan, 1998 ;
Filatov and Unbehauen, 2000; EDISON TSE
and YAAKOV BAR-SHALOM, 1973) However,
numerical errors are generated while implement-
ing the control technique in digital manner have
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never been dealt with. Also there are internal
noises that could arise in the system inside, ther-
mal noises from resistance of inside circuit, shot
noises from the diode and the transistor, and the
noises of by a frequency ingredient.

Basic characteristics of those noises created
from numerical process and system interior are
random in nature. As well as irregular noise in-
creases fatigue level in control system, it can be-
come input of impulse form in amplification cir-
cuit that does to amplify the value of control gains
by reiteration of irregular signal. In this paper,
it is proposed to design a controller that sup-
press those irregular internal noises and improve
the efficiency and stability of the system simulta-
neously assuming that those errors and noises are
random. The dual control method embodies the
controller, which follows input model, suppresses
the error that could be created while following
model and suppresses the noise from the system
inside which is irregular. To solve this problem
effectively, stochastic controller is used to sup-
press internal noises that are basically random.
The stochastic controller, which is different from
existing conventional stochastic controller, ana-
lyzes the system information of random noise in
stochastic domain. The proposed control tech-
nique designed in stochastic domain is a method
to suppress random noise. In order to design sto-
chastic controller, system dynamic model in time
domain is transformed to dynamic moment equa-
tion in stochastic domain by F-P-K (Fokker-
Planck-Kolmogorov) approach. Through a F-P-
K method, the information of random noise in
time domain are transformed to a constant PSD
(Power Spectral Density) and a controller is
designed in stochastic domain. Constant control
gain obtained in stochastic domain is utilized to
generate a physical control signal in time domain.
Random signal generating algorithm such as a
Monte-Carlo method is adopted for the purpose.
(Heo et al., 2002 ; 2003 ; Kim et al., 1999 ; Lee et
al., 2005) The study reveals remarkable perform-
ance of proposed dual stochastic controller oper-
ating under various random noises through simu-
lation.

2. Dual Stochastic Controller
Design

2.1 Information of internal noise

Irregular noises are generated from several
sources. Firstly, it is considered that numerical
error is generated in using of digital control tech-
nique. At the best of authors’ knowledge, no re-
search for the compensation of numerical errors
accumulated during digital operation in conven-
tional controller has been reported. Various noises
could be generated from system inside, that con-
sist of thermal noise, shot noise and 1/# noise.
Those internal noises from system circuit are
shown in next three sources. (Howard, 2002)

Thermal noise has a zero mean and statistical
arguments can be used to show that the power
spectral density of the processes is

Golr) =2 1R

e 1

(1)

where T is the absolute temperature, % is Bol-
tzmann’s constant (1.38 X1072J/K), % is Planck’s
constant (6.62X 1073 J-sec) and R is the resist-
ance of the material.

For frequencies, such that | /| <0.12T/h=10"
Hz (assuming 7°=300K) a Taylor series expan-
sion for the exponential term in these equations,

"R 1+ h|f|/ kT (2)
is valid, and the following approximations hold
Ge=2kTR (3)

Shot noise is associated with charge carriers cross-
ing a barrier, such as that inherent in a PN junc-
tion, at random times, but with a constant average
rate. The power spectral density, for all but high
frequencies, is given by

Gs(f) =qIl+I*6(f) (4)
where ¢ is the electronic charge (1.6X107°C),
and [ is the mean current.

Ignoring the impulse at zero frequency, the
power spectral density of shot noises is given by

Gs(f) =al (5)

The 1/f noise is defined as following. The power
spectral density of a 1/f random process has a
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power spectral density given by
k
fd

where k& is a constant, and « is close to unity.

Gs(f)= (6)

The power spectral density of 1/f noises has a
1/f form at low frequencies, and at higher fre-
quencies is constant.

However, as a first attempt in the series of
research all those noises are assumed to be white
noise in the study and controller that could sup-
press the white noise is designed in stochastic
domain. In addition to conventional model track-
ing controller, dual stochastic controller is de-
signed to follow the control input and suppress
the internal noises.

2.2 Model tracking controller design

Model tracking controller is designed as fol-
lows. Consider a general second order system,
which is shown in Fig. 1. As a practical example,
general model tracking controller using conven-
tional PI controller is designed.

Where, 7 (s) is a input reference, d (s) is a ex-
ternal disturbance and g (s) is a transfer function
of system.

Control gain for PI (Proportion-Integration)
compensator is given by Eq. (7)

K(s) =KP+KZ% (7)

where K, is proportional gain, K is integration
gain.
Transfer function of system is given by Eq. (8)

1

Gls)= S2+28wns + @’

(8)

Then the error of system applied PI controller is
given by Eq. (9)

. s(s?H28wns+ w’)
¢S =St t Rt Kt K,
d(s)l
r(s) . efs) — u(} yi(s)

> K(s) G(s)

Fig. 1 Scheme of model tracking controller

No external disturbance is assumed in model track-
ing controller design. In section 2.2, the model-
tracking error, internal noises in system inside are
discussed and also stochastic controller for sup-
pressing those noises is explained in following
sections.

2.3 Stochastic controller design

In previous section, model-tracking controller
for general second order system is discussed. We
continue that discussion in this section by show-
ing how stochastic controller is designed to sup-
press the random noise. So simple example for
stochastic controller is introduced here.(Kim et
al., 2005 ; Lee, 2005)

State equation of system is transformed to mo-
ment equation in stochastic domain via F-P-K
method. And in stochastic domain the controller
for suppressing the random noises is designed
using PI control method. Then the control gain of
stochastic controller in stochastic domain is trans-
formed to random control input in time domain
via Monte-Carlo method.

F-P-K method is one way of studying the be-
havior of a system probability density function.
There are two basic assumptions for the deriva-
tion of F-P-K equation. First, random input is
always sufficiently small, so that the perturbed
motion can be determined by superimposing ran-
dom fluctuations of first order smallness to a con-
tinuous mean trajectory. Second, the random pro-
cess under consideration is a Markov process, and
does not depend on its past history. The general
form of the F-P-K equation is given by

20X =-22a(X. 09X, 1) o
&S &
+- Z{J_Z‘{ XX, (05X, Hp(X, 1)}

where drift coefficient, a;(X, #) and diffusion co-
efficient, b;;(X, t) are defined respectively as Eq.
(11) and Eq. (12)

(X, t)=lim ———E[{x:(t+At) —x:(£)}]  (11)

=lm 77 Az‘
TN O ‘ _

by (X, 1) =lim o E[{(x: (1 +48) —x:(t

{x;(t+At) —x; (¢
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The solution of these equations gives the proba-
bilistic behavior of the system response. In many
case, however, it is not possible to obtain a closed
form analytical solution of the F-P-K equation,
one can generate a set of differential equations for
the response moments.

Let @ (X) be a general function of the response
co-ordinate vector X

O (X) =Xt X - Xio=TIXI  (13)

Such that the following notation expresses the
moments of order k;
mki,kz;n,kn:E[@ (K) ]
f-f "
= [[0(X) p(X, t) dX:dXe+dX,

As an example, a second order system is consi-
dered.
i+2twnk+abx=f () (15)

where f(#) is white noise with zero mean, and
Gaussian distribution.

Eq. (15) can be written in the Ito’s stochastic
differential Eq. (17)

x=X1, XZXZ (16)
dXi=Xadt
dXo={ — i X1 —28w. X} dt

The evolution of transitional joint probability den-

(17)

sity function of the response co-ordinates p(X

¢) can be described by the F-P-K Eq. (10).
The general differential equation for moment is

a 7 7] — r ii
WE[Xl)(z]—fwal 20X, 1) dXidXe (18)

Thus the first order moment equations and the
second order moment equations are obtained as
Eq. (19).

0= Mo1

1or=—2LwnMo1— Wi mio

= —2Ewamn1 — Wi Mz (19)
M0 =211

tite= —2 whmi1—4{wnmoz+ D

The general form of moment equation is given
by

Internal
Reference —., Controller <. Noise
) for e
Model Tracking
Stochastic Domain
Stochastic

Monte Carlo |-q—' Controller for
| Error Suppression
L J

Fig. 2 Scheme of model tracking dual stochastic
controller

where, D is PSD of noise, D, is PSD of control
input.

24 Dual stochastic controller design

We have discussed the design of model tracking
controller to follow the control law and stochastic
controller to suppress the random noises. Model
tracking dual stochastic controller is designed
and its basic scheme is shown in Fig. 2. The main
algorithm of each controller is designed using
same method described in previous section. In
this section, only internal noises and numerical
error are considered. In chapter 3, system with
model tracking dual stochastic controller will be
simulated, also the comparison will be made be-
tween the performances of the system with con-
ventional dual controller and model tracking dual
stochastic controller for the same system.

In designing a controller in stochastic domain,
most of the controller design techniques used in
time domain can be applied. In the study, PI con-
troller is designed in stochastic domain and ap-
plied. Finally, the obtained control signal (in PSD
value) in stochastic domain is transformed to the
control input in physical time domain. The ran-
dom signal algorithm such as Monte-Carlo method
is used to generate the control input signal.

3. Simulation

In the preceding chapter, a model tracking dual
stochastic controller is designed and numerical
simulation is conducted to verify the proposed
concept and the performance of the proposed
model tracking dual stochastic controller. Arbi-
trary types of pulse signals are used as an input



656 Jong-Bok Lee, Yun-Hyun Cho, Tae-Young Ji and Hoon Heo

reference to follow as is in Fig. 3. Also basic
characteristics of internal noises in use are shown
in Fig. 4.

The performance of proposed controller is com-
pared with conventional model tracking control-
ler such as dual PI (Proportional-Integrate) con-
troller. The proposed controller consists of sto-
chastic controller for suppressing the noise and PI
(Proportional Integrate) controller for tracking
the control law. In order to compare the perfor-
mance of proposed dual stochastic controller, as a
reference, two conventional PI controllers are
used in parallel manner to suppress the noise and
to track the model. As a results time response,
error response and mean square response of the
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Fig. 4 Information of internal noise

system with proposed dual stochastic controller
and conventional controller are shown in Figs.
5~7. As is shown in Fig. 5, as far as time re-
sponse is concerned proposed model tracking
dual stochastic controller exhibits much better
performance than conventional model tracking
dual controller. Also regarding the model track-
ing error, new model tracking dual stochastic con-
troller shows excellent performance as is in Fig. 6.
Comparison of system mean square responses due
to those controllers is made to reveal its outstand-
ing performance in Fig. 7.
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4. Conclusions

In this paper, “Model tracking dual stochastic
controller” is proposed to suppress random inter-
nal noise and to follow the control law simulta-
neously. Conducted simulation reveals remark-
able performance of the proposed “Model Track-
ing Dual Stochastic Controller” in terms of sys-
tem response and is compared with conventional
controller for various noises that can be created in
the system. The response error of stochastic sys-
tem using conventional dual controller is increas-
ed along with time and the error is accumulated,
which destabilize the system. The response error
of the system under internal noise when using
“Model Tracking Dual Stochastic Controller” is
decreased drastically, accordingly the system be-
comes more stable. The new concept of “Model
Tracking Dual Stochastic Controller” is success-
fully implemented and proved to be very effective
one. Also the new controller will be designed to
suppress internal noises as well as random exter-
nal noises and to follow the control law using
dual stochastic controller technique. The newly
proposed controller reveals its reliable and effi-
cient performance via simulation and experiment
is to be conducted.
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