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Abstract : In this paper, a new optimization method which is a kind of random searching is
presented. The proposed method is called RasVal which is an abbreviation of Random Search
Method with Variable Search Length and it can search for a global minimum based on the prob-
ability density functions of searching, which can be modified using informations on success or
failure of the past searching in order to execute intensified and diversified searching. By applying
the proposed method to a nonlinear crane control system which can be controlled by the Universal
Learning Network with radial basis function(R.B.F.), it has been proved that RasVal is superior
in performance to the commonly used back propagation learning algorithm.
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1. INTRODUCTION

Universal Learing Network (U.L.N.) is a new-type of net-
work which can be used to model and control large-scale
complicated systems such as economic, social and living
phenomena as well as industrial plants. Universal Learn-
ing Network consists of nonlinearly operated nodes and
multi-branches that may have different time delays be-
tween the nodes. A new control method has been already
presented for nonlinear systems using Universal Learning
Network with radial basis function(R.B.F.) and it has
been compared to the commonly used control method
using neural networks. In the above system, as learning
algorithm of parameter variables in the controller was
based on the gradient method, the problem of falling into
a local minimum that leads to low efficiency of learning
could not be solved. In this paper,a new learning algo-
rithm that can find a global minimum is presented and
it is applied to build the optimal controller of a non-
linear control system. The proposed learning algorithm
is called RasVal which is an abbreviation of Random
Search with Yariable Search Length and it can search
for a global minimum systematically and effectively in a
single framework which is not a combination of different
methods. RasVal is a kind of random search based on
the probability density function of searching, which can
be modified using informations on the results of the past
searching in order to execute intensified and diversified

searching. The features of RasVal are such that it does
not require differential calculation as gradient method,
therefore, it takes a shorter calculation time than gradi-
ent method, and ramndom search with intensification and
diversification is carried out in order to solve the local
minimum problem. By applying the proposed method
to a nonlinear crane control system, it has been proved
that RasVal is superior in performance to the back prop-
agation learning algorithm.

2. UNIVERSAL LEARNING NETWORK

2.1 Structure of Universal Learning Network
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Fig.1 Structure of U.L.N. with Multiplex Branch

Universal Learning Network (U.L.N.)[! is a new-type of
network which can be used to model and control large-
scale complicated systems such as economic, social and
living phenomena as well as industrial plants. It con-
sists of nonlinearly operated nodes and branches that
may have arbitrary time delays including zero or minus
ones. Structure of U.L.N. is shown in Fig.1.
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Basic equation of U.L.N. with Multiplex Branch is rep-
resented by Eq.(1):

hi(t) = O;i({hi(t — Di;(p))li € JF(j),p € B(3, )},
{ra@®In e NG)}L {Am@)Im e M(5)}) (1)
jeJ, teT
where,

h;(t): output value of j node at time t;

Am(?): value of mth parameter variable at time t;

rn(t): value of nth external input variable at time t;

O;: nonlinear function of j node;

D;;(p): time delay of pth branch from i node to j node;

JF(j): set of node numbers whose outputs are connected
to j node;

JB(j): set of node numbers whose inputs are connected
from j node;

B(i, j): set of branches from i node to j node;

N(j): set of external input variables that are connected

to j node;

N: set of external input variables;

M(j): set of parameter variable numbers that are
included in j node;

M: set of parameter variable numbers;

J: set of node numbers;

T: set of sampling times;

Let a criterion function be written in Eq.(2):

E = E({h:(s)}, {Am(s)})
r€ Ry, m€E My, s€Sp

2)

where

Ry: set of node numbers related with evaluation;

My set of parameter variable numbers related with
evaluation;

So: set of sampling times related with evaluation .

The important features of U.L.N. are that function of
the nodes can take any nonlinear function and the nodes
can be connected arbitrarily. So the structure of U.L.N.
is a general one in the sense that U.L.N. with sigmoid
functions and one sampling time delays corresponds to
the recurrent neural network.

2.2 Learning of Universal Learning Network with

Radial Basis Function
U.L.N. with R.B.F. can be expressed as follows.

hi®) = D fim(zim) +b;

meL(s)
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.eJF(j)peB(.,,) jm (5)

L(j): number of nonlinear functions of j node;

Ejm By m (D),05 (D) ,bj: parameters for j node.

Learning algorithms of U.L.N. with R.B.F. based on gra-
dient method is shown below.
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where, E: criterion function;

3. RANDOM SEARCH METHOD WITH
VARIABLE SEARCH LENGTH (RasVal)
RasVal is a kind of random search method based on the
probability density functions of searching, which can be
modified using informations on success or failure of the
past searching.

The features of RasVal are such that it does not require
differential calculation as gradient method, therefore, it
takes a shorter calculation time than gradient method,
and random search with intensification and diversifica-
tion can lead to solve the local minimum problem.
Calculation procedure of RasVal is as follows.

if EQA+z)<EQ)=>Xde— A+g; (11)
(searching is success)
if EA+2z)> EQ) =)\ (12)
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(searching is failure)
where, E' : criterion function;
A= [A..Am...Am]T ¢ parameter variable vector;
z = [z1..2m..2m]7 : parameter variable search vector.
The probability density function f(zm,) of searching
z.,(see Fig.2) is represented by Eq.(13),(14) and (15):

f(zm) = pmBe’* ™, zm < 0; (13)
f(xm) = Qmﬂe—ﬂzm;xm > 05 (14)

Therefore z,, can be calculated as follows:

(16)

1 z
if 0<2<pn =2Zm==In(—
f0<z<p 3 (pm)

1_
if pm<z§1.0=>xm=—%ln( - d

) an

m

where, z : random numbers in [0,1)].

Parameter variables 8, py, ¢m of f(2,,) which are related
to searching range and direction are modified based on
the informations of success or failure of the past search-
ing as follows.

In case of negative direction searching :

Pm — apm + (1 —a) - SF (18)
In case of positive direction searching :

qm — @qm + (1 — ) - SF (19)

8= Pe” " +8 (20)
In case of failure, n—n-+1;
In case of success, n «— n, n = 0;
ne—n—1, 0 < n < ng;
n «— ng, n > np;
where, SF = 1.0, in case of success;
SF = 0.0, in case of failure;
o : exponential filter coeflicient;
B + B : upper limit of g;
B : lower limit of J;
n : coefficient.
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Fig.2 Probability Density Function of Searching z,

From Eq.(11) ~ (20), intensification and diversification

of the search can be realized such that when there is quite
a possibility of finding good solutions around the current
one, intensified search for the vicinity of the current so-
lution is carried out; on the other hand, when there is no
possibility of finding good solutions, diversified search is
executed in order to find good solutions in the region far
from the current solution.

4. SIMULATION

4.1 Nonlinear Crane Control System

A nonlinear crane system(Fig.3) was studied in order
to compare the performance with RasVal and gradient
method. The aim of control is to bring the trolley to
the target position, and to winch the load to the target
height at the same time to minimize the criterion func-

tion.

movement

Fig.3 Nonlinear Crane System

The equation of the crane system is represented in the

followings:
. D+G. G
T %29— M St (21
. M4+ m D+ G, G
0 = 9o ftoyw (3
i = ¢+Cmj, Cm, (23)
m m

where, M: mass of the trolley; m: mass of the load; I:
height of the load from intial position; #: angle of the
load; z: location of the trolley; C, D: coefficients of the
friction. wug,u., are input voltage control vaules from the
controller to the crane system.

Assuming as follows,

m(t) = 2(t) halt) = &(t)
ha(t) = (1) ha(t) = 6(t)

hs(t) = 1(t)  he(t) = i(2)
then,equations can be expressed in the discrete form.
hl(t) = auhl(t - 1) + aglhg(t - 1) (24)
ha(t) = agha(t—1)+aszhs(t - 1)
+ blud(t) (25)

237



h3(t) = a33h3(t - 1) + a43h4(t - 1) (26)
_ hy(t=1) . ha(t—1)
ha(t) = a24h:(t 1) TRyt — 1)
+ a44h4(t — 1) + h—s(tblfl)'ud(t) (27)
h5(t) = a55h5(t — 1) + aeshs(t - 1) (28)
he(t) = aeehs(t - 1) + bgum(t) (29)

The structure of the nonlinear crane control system is
shown in Fig.4. The controller is constructed by the
radial basis function network. The arbitrary time delay
is assumed to be 1.0 sampling time.

crane system

R.BFN.

O

control system

Fig.4 Structure of Nonlinear Crane Control System
4.2 Simulation Results

Fig.5, Fig.6, Fig.7 and Fig.8 show the simulation re-
sults. The real line was obtained using RasVal; the dot-
ted line was obtained using gradient method.
In simulations, control time is 40 seconds, and the goal
of the task is to bring z from 0.0m to 0.5m then to 1.0m
and ! from 2.0m to 1.50m then to 2.0m, where as 6 should
be as small as possible. Therefore the criterion function

can be expressed as follows.

D —

T
S [@1(lres — 1(1))?

+ Qa(zres — (1)) + Qa02(t) + Qa6°(t)
QsuZ (1) + Qsud(?)]

%(Qn-?(tf) + Qsl’(2y)) (30)

where, ly.s, zres : target value of [,z; ¢;: final sampling
time; Q;: coefficient of criterion function.

From simulation results, it is shown that the learning
speed and performance of RasVal are better than that of
gradient method, and from Fig.7, Fig.8, it is also shown
that intensification and diversification of searching can
be realized by RasVal.

5. CONCLUSION

In this paper, a new optimization method called RasVal
is presented which can obtain the optimal value by in-
tensified and diversified searching. And simulations were
carried out in order to compare the learning speed and
performance of RasVal with that of gradient method. It
has been proved that a nonlinear crane control system
using RasVal has better performance than that of the
system using gradient method.
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