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Dual Sampling-Rate Observer Design for an Auto
Operation Robot

C. Nakagome, H. Ogawa, H. Shibasaki, R. Tanaka, K., and Y. Ishida

Abstract—This paper describes dual sampling-late observer
design for an auto operation robot. The proposed method has
two sampling times to make the system more stability. For the
plant, one depends on its sensor resolution. The other depends
on the system. The former is longer than the latter. In this study,
we could equalize the former to the latter with dual
sampling-rate observer. In addition, the proposed method,
which is used to realize the design, is discretized by a
zero-order-hold, and works as a one-order-hold to increase the
stability and simplify the design. In this study, we simulated
three different sampling terms. Simulation results revealed the
effectiveness of our proposed method.

Index Terms— Dual sampling-rate observer, optimal control,
one-order-hold, robot.

I. INTRODUCTION

In digital control systems, there is a target value r(¢), an
output response )(¢), and a control input u(f). These values
are represented by the three terms 7, T}, and 7,, respectively.
The control input term 7, is usually determined by an
actuator, the speed of a digital-to-analog (D/A) converter, or
the CPU processing speed. The output response term T}, is
determined by a sensor or the speed of an analog-to-digital
(A/D) converter. An actual control system is often limited by
T,, T,, or both T, and T,. Therefore, conventional digital
control systems are based on 7, and T,, whichever is longer,
such that it equals the three different terms. To resolve this
issue, H. Fujimoto designed a general framework of
multi-rate sampling control and adapted it to motion control
systems [1]. In this study we introduce a multi-rate sampling
control technique, in which the control input term T, is
shorter than the output term 7}, because we assume that the
output response term is relatively longer for hardware. Since
we commonly assume that a D/A converter performs faster
calculations than an A/D converter, we can consider that
there are many control systems which have 7, shorter than 7.
In particular, the issue is noticeable in robots of visual servo
systems because the sampling time of a camera is very long
[2]-[10]. In addition, optimal control is one of the simple
designs in modern control systems. When the sampling term
is short, the optimal control is good, but when it is long, the
performance is bad. The realization of good performance
with long sampling times has been reported by the analysis of
optimal control [11].

In this study, we designed a control system that obtains a
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stable output, regardless of the sampling term, by combining
these techniques with a dual sampling-rate observer [12]-[13].
We commonly use A/D conversion in discrete-time systems.
It is desirable that the plant is discretized by a one-order-hold,;
however, the design of a one-order-hold is difficult.
Therefore, we designed a simple one-order-hold by applying
a zero-order-hold and included it in the control system. In the
following sections, we simulate our proposed method by
using the transfer function of DC motor, because it is difficult
to apply the robot of a visual servo system.

II. THEORY

A. Optimal Control

State space equations for a controllable and an observable
controlled plant are expressed in (1):

x(t)=Ax(t)+bu(t)
y(t)=ex(t)

We define r(¢) as a reference value.

)

Then, the error

between the reference value and output is expressed in (2):
e(t) =r(t) - y(1) )
Next, we differentiate (2) as follows:
e(t)=r ()= () (3)
We define j:(r) = 0 . Then, (3) becomes (4):
é(t)=ex(z) @)
Also, we differentiate (1).
X(t)= Ax(t)+bu (1) (5)
State space equations in (6) are obtained from (4) and (5):
ol [ aSo) e

o i)

We discretize the equation (6) using the sampling time 7,,.
¢ (k+1 ¢ (k
)l
e e
(7
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Then, we express the equation to minimize the cost
function as follows:

J= (lel® o+1lil* R)- ®)
k=0
From (7) and (8), the control law u (k) is given by
i(k)=Fx(k)+ fre(k). O

The gains F; and f; are designed based on the LQI (Linear
Quadratic Integral) meth

B. Multi-Rate Sampling Method

R (i) u(k) — u(k) 7 ) 1)
z) — + u . Zero-Order ’ (z
2y — o G, () o >
Integrator v
(k) {1-z"| *(k) | Dual Sempling Rate
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Differentiator

Fig. 1. The block diagram of the proposed method

We obtain the input based on an integrator, the input at the
sampling time k+1 is given by

u(k+1)=u(k)+u(k) (10)

In this paper, multi-late sampling technique [1] is adopted.
This technique is shown in Fig. 2.

y((k+N)T,)
y(i+1

. y((k+2)T,)
) ((k+1)T,
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iT

v

Fig. 2. Multi-rate system

In particular, the system output is observed once every
N=T,/T,,where N is an integer. Then, 7, is the sampling time
in the plant output and 7,>7,. The sampling time & in the
system is defined by

k= Ni+ j, (11)
where i =0,1,---and j =0,1,---,N -1
Therefore, (10) can be rewritten as
u(k+)=u(Ni+ j+1)
—u(Ni+ j)+a(Ni+j) P
Similarly, the output equation is given by
v (i) = e, x(Ni), (13)

where ¢, is obtained by discretizing the state space equations
of the plant.
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C. Dual Sampling-Rate Observer
We discretize the equation (1) with the sampling time 7.

|

Then, we express the dual sampling-late observer as
follows:

x(k+1)= A,x(k)+b,u (k)
v (k)= e, x (k)

(14)

x(k+1)=
A% (k)+byu(k)+ L[y (k)= y (k)] for k = Ni (15)
A, x (k)+b,u(k),otherwise
y (k)= e, x (k)
The equation (16) substituting (11) into (15):
x(Ni+j+1)=
A,x(Ni+j)+bu(Ni+j) (16)
+L[y(Ni+j)=y(Ni+ )] forj =0
A,x(Ni+j)+bu(Ni+ ), otherwise
P(Ni+j) =, %(Ni+ )
Then, equation (9) can be rewritten as
u(k)=u(Ni+j
()= (Ni+ ) )
= Fx(Ni+ j)+ fre(Ni+ j)
where
e(Ni+ j)=r(Ni+ j)-y(Ni+j) forj= 00 N1
= F(Ni) =y (N1)
(18)

III. SIMULATION

In this section, we compared results from our proposed
method with those of the conventional method by performing
simulation studies. The conventional method used the
optimal control of a servo system. Dual sampling-rate
observers are typically used in various plants. In these
simulations, we used a DC motor, which is a simple and
stable plant, and its state space equations are given as

1

follows:
*(0) {o —4.96x10}x(t)+|:

y(0)=[1 0]x()
Enhanced state space equation in this system is given by
the equation (20).

0

7.04x102}u(t) (19)

ol ekl
ool

where,
) {g —4-916><10} b= {7.041102} ’
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c=[1 0]

We discretize the equation (20) using the sampling time 7.

e[

e(k+1) e(k)

(21)

x(k

e(k)zc# ( )
e(k)

where,
1 0.0156 0 0.2043
A*=| 0 02258 0|> B¥={10.9883]"

0.03  0.0003 1 0.0023

=0 o 1]

In our simulation, we employ three sampling time
conditions for this plant. A unit step signal was introduced as
a target signal at £ = 0 [s]. The weights of cost function O and
R are different in three cases, because it shows the same
signal in the continuous time and the discrete time.

A. Casel

In Case 1, the control sampling time 7, is 1.0[ms], and the
output sampling time 7}, is 10[ms]. The weights of the cost
functions are Q = 1, R = 1000 in the conventional method
(1[ms]), O=10, R=100 in the conventional method (10[ms]),
and 0=1000, R=1 in the proposed method. In addition, the
observer gain is L=[0.1664 12.2254]".
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Fig. 4. Simulation result for Case 2.
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Fig. 5. Simulation result for Case 3.
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B. Case?2

In Case 2, the control sampling time 7}, is 1.0[ms], and the
output sampling time 7, is 20[ms]. The weights of the cost
functions are O=1, R=1000 in the conventional method
(1[ms]), ©0=20, R=50 in the conventional method (10[ms]),
0=1000, R=1 in the propose method. In addition, the
observer gain is L =[0.1664 12.2254]".

C. Case3

In case3, the control sampling time 7, is 1.0[ms], and the
output sampling time 7}, is 30[ms]. The weight of the cost
function are Q=1, R=1000 in the conventional method
(1[ms]), ©0=30, R=33 in the conventional method (10[ms]),
(0=1000, R=1 in the propose method. And the observer gain
is L=[0.1664 12.2254]".

IV. CONCLUSION

In the paper, we have proposed a new control method for
robots of a visual servo system. We have successfully
designed a control method that realized a stable output by
combining author’s optimal control method [11], dual
sampling-rate observer and multi-rate sampling technique. In
the simulation studies, we have simulated the different three
sampling terms. Simulation results have revealed that the
proposed method has effectiveness. We would like to adapt
our technique to the robot of visual servo system in the future
work.
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