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Abstract

So [ar many researchers have studied to control a cart system with a
pole on the top of itsell(forwards we call it simply a cart system) which
is movable only to Lhe direclions to which a cart moves, using neural net-
works and genetic algorithms. Especially when it was solved by genclic
algorithms, il was possible Lo control a carl systemn more robustly than
ordinary methods using nenral networks hut it had problens Loo,i.c., the
control time to be achieved was shoct and the processing time for it was
long. llowever we could coutrol a cart system using standard genelic al-
gorithm loger than ordinary ncaral network methods (for example crror
backpropagation) and conld sec that robust control was possible. Com-
puter simmlalion was perforimed through the personal computer and the
tesnlts showed the possibility of real time control because the cpu time
whicl was occupied by processes was relatively short.

1 Introduction

The history of GA(Genetic Algorithm) which was sludied fisst
in 1960s by J.1LHolland and his students, is a little over J0 years
old[1][2][3]. It is possible for GA to be applied to the optimization
problem, the learning of neural networks, the control of a compli-
cated system and the pallern recognition etc. And its perforimance
is superior to the other methods.

if we regard the inechanism of higher animnals among the tiving
things which were created by god as the best one in the world, we
can say (hat a system which can approach to such a mechanism and
ita processing method, are one of the iinportant objects for us human
beings Lo study about it. From this point of view, GA is thought
valuable Lo be studied from now on.

Among the physical systems which exist in the real world there
are control probleins of unstable nonlincar system of which we can’t
estimate the ontputs of the next state of a planl and many control
theoriests tried to solve them. One of Lhe representative examples of
such problems is a cart system. We tried to solve the classic control
system using GA louger and more robustly in a shorter time than
other methods to he studied Lill now.

A cart system is shown in Fig.1. 1t has two subjects. Oue is Lo
cenler a carl within a given track, and the other is to balance a pole
within a given angle. That is, a cart system can move to the right
or lelt. direction within a given track. A pole hinged upon the cart
is able to move freely only in a vertical plane which is formed by a
pole and the ditections to which a cart moves. The control object of
a cart system is to give a constant [orce to the right or lelt side of
the plant every discrete time - it is a bang bang contrel problem - lo
keep the pole angle within a specilic range and at the same time Lo
keep the cart to Lhie center of a predefined Lrack as long as possible.
‘This system is a dynamic syslem and has four state variables:
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: posilion of a cart

: angle of a pole

: velocity of a cart

: angular velocity of a cart
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So far many people have selected a cart system as a test bed (o
see the performaices of Lheir own GAs in the control field of nonlin-
ear systems{4](5]{6][7][8][9][10]. We also adopted this problemn as an
object to be controled to see the adaplabililty and the robustness of
standard GA to the nonlinear systems in arbilrary coutrol circuni-

stances. Especially we selected this problein as our subject because
it is easy to compate our experimental resulls with so far achieved
ones, :
The experimental resulls which were achiceved so far are summa-
rized briefly in Table 1 and Table 2. Tahle 1 shows the resulls using
GAs and Table 2 using olher methods.

2 The layout of a cart control system

We construcled a cart control system like Fig.2. The nathematic
model of this system is already knwou by R.1L.CanuonJe[11]. Uis
model is given in eq.(1)-(2) :
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And eqs.(3)-(6) are acquired (rom eqs.(1)-(2) using Euler’s ap-
proximation equations :

0 (L+1) = 0 ()40 ()T 3)
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Qur conlrol system consists of a plant, a controller and a genetic
processot. The controller cousists of 4 converters A,B,C and D which
convert Lhe values of stale variables from a plant into binary digits;
a decoder which decodes binary digils [rom converts into decimal
numbers; a box which outputs binary digits according to the outputs
from the decoder; a supervisor. Every discrete time the supervisor
checks the oulpils of the plant to see if the given conditions are
content. And il the conditions are not content, it sends the genctic
processor a false signal(we used 0) but if the conditions are content,
it sends to the processor a perinit signal 1. If the genelic processor
reccives a failure signal from the supervisor, it sends the plant a reset
sigual so that Lhe planl restarts its control from the initial conditions.
And whenever the genetic processor receives a fail signal, il sends
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a rencewal signal to the box so that the box resels its values with
the genes of a new chromosonie. Converter A for x outputs 1 bit,
converter B [or 0 4 bits, converter C for x 2 bits and converler D for

0 2 bits.

3 The control of a cart system

For control of a cart system we delined an evaluation function as
eq.(7) :

fithess =" P . (M

where I’ : permil signal

We defined the summation of the permit signals from the su-
pervisor to Lhe genelic processor as a [ithess of each chronosome.
Accordingly it is possible to say that the purpose of this paper is to
seek a cliromosome of which the evalualion [unclion is the greatest
one among all the chromosomes.

The controller that we devised, doesn’t know aboul the dy-
naniics of itsell and doesn’t have any a priori knowledges of the plant
control. Only it receives Lhe state variables of the present state as
inputs. The function of the plant can be described as eys. (1)-(2).
The state variables from the plant are sent to (he 4 converters A,B,C
and 1), where according lo the Fig. 3(in the case of experiment 2
Fig. 4) they are converted into 9 bits bghrbebgbabsbaby by and Lhey are
sent to the decoder. The decoder decodes them into decimal digits
and sends it to the box. The box contains always the 512 binary
values of a chiromosome of a popnlation. Whenever the box receives
a decimal number as input, it sends a binary value(but actually it
is Lransformed into decimal values by the genetic processor) to the
plant. Il the read value from the box is 0, it outputs 10[N}(in the case
of experiment 2, it outputs 6[N]) and if the read one is 1, it outpuls -
LO[N](in the casc of the experiment 2, it oulputs - 6[NJ) Lo the plant.
However if the plant doesn’t receive the reset signal, this procedure
continues during the given gencration or until it reaches to the ob-
jective value. If all of the chromosones in a population don’t search
Lhe optimnal value or receive failure signals, then the genetic processor
creates a new population through crossover and mmlation procedure
and a new generation hegins. This procedure continues for the given
generalions or until the optimal value is sought. And whenever the
box receives a renewal signal from the genetic processor, it removes
tlie stored values and stores the genes of a new chromosome in itsell.

3.1 The experiment 1 and its results

We selecled the inilial values of state variables in controling a
cart syslem using genetic algorithm :

x: £2.0 [m)

0 : +1.0 [deg)
£ 1 0.0 [m/sec]
# : 0.0 [deg/sec]

And the control parameters used in the experinient, are as lollows :

discrete time interval T : 0.02[sec]

force F: 10[N]

mass ol a carl m, : | [kg]

mass of a pole my, : 0.1 [kg]

length of a pole (21) : 1 [w]

gravitational acceleralion g : 9.8 [m/ sec?)
length of a track : 4.8 [m]

We adopted 3 kinds ol initial populations (forwards we call them
simply populations) for the experiment. and 10 kinds of initial values
of stale variables. Using the saine population under the same initial
conditions we made 10 runs with 10 different seeds. . We simulated
the experiment using a personal compuler 1BM 486 DX compatible
adopting UNIX as os. The simulalion resuits are shown in Table 3.
Fig.5(a) - (c) show the survive time in this experiment. Fig.5 (a)
shows Lhe resulls using initial population 1, Fig.h (b) shows the re-
sults using initial population 2 and Fig.5 (c) shows the resulls using

inilial population 3.

From the above experiinent it was revealed that in the case using
initial population 1 the resuit are best and in the case using initial
population 2 worst. It is because the initial values aflect the tesults of
our systemn. Especially the initial values of angle affected the resulls
more Lhan other ones. Il the local optimum is et too early, it took a
long time to find a global optimum. Because the chromosoie which
have a local optimum, yiclds more children iu the next generation.
A method to avoid this phenomenon is to restrict the nubers of
children of the chromosome which has a local optimam.

We found that the seed aflects the resulls greatly. The reason
is that we restricted the generation number to 100, In the paper we
report thal we could control at most 2 hours but actually we could

control very long time in many cases.

The total experimental results are shiown in Table 3. Averagely
we could control a carl system for 1 hour 13 minwtes 15.23 seconds
usiug | hour 6 minutes 50.65 seconds of cpu time(in 68 generations).
These resulls are superior to the other resulls of Table 1 and Table
2,i.e., the used cpu time is shorter and the controlled time is longer
compared to tlie previous ones.

3.2 The experiment 2 and its results

We selected the initial values of state variables in controling a
cart system using genetic algorithm :

1 1.0 [m]

: 1.0 [deg]
: 0.0[m/sec]
: 0.0[deg/sec)
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And the control parameters used in the experiment are as follows :

discrete time nterval T : 0.05[sec]

force F : 6[N]

mass of a cart, m, : 0.8 [kg]

mass of a pole m, : 0.1 [kg|

length of a pole (21) : 0.4 [}
gravilational acceleration g : 9.8 [m/ sec?)
length of a track : 6.0 [m]

We adopted a kind of population for the experiment and 5 kinds
of initial values of stale variables. Using the same population under
the sanc initial conditions we made 5 runs with 5 dilferent sceds.
In this experiment the objective value is 3 hours and we have not
réstricted the generation nnmbers,ie., the program was not stopped
until we get the objective value. The simulation results are shown in
Table 4. Fig.6 shows the cpu time used in the experiment.

According to the experimental results we could control a cart
systein [or 3 hours of simulation Lime using 1 hour 35 minnes 20.60
seconds(in 202 generations) of cpu lime. The results of Lhe experi-
ment shows that our sysiem can be conlrolled more robustly under
the harsher condilions compared to the other oncs. Aud we observed
that il we adopt. the harsher initial conditions, il. is possible to control
the system for 3 hours. But in the case il requires more cpu time.

4 Conclusion and discussion

We could control a carl system using standard genelic algorithn
in a relatively short Lime for a given time successfully, which was re-
garded as one of the dificult nonlinear control systems. It says that
the complicated nonlinear systems are able to be controlled success-
fully using genetic algorithm simply. However there are also some
subjects Lo be solved. One is to decide the appropriate valu(‘s.of
crossover probability and mulation probability. Avother is to modify
the genetic algorithim according to the specific systein circuinstances.
That meaus thal we must adopt the evolution programming method
JLe.,we st change the representation of each chroiosome instead
of changing the problem.

If we divide the scarcl space into more regions, probably we can

— 386 —



acquire Lhe betier resulis but because of the ionger processing Line A -24<x<0,0 > bp=0
of computer it must be restricted. Therefore according Lo the control 0.0 < x < 2.4 > bp=1
condilions appropriate division of search space must be considered B: -0.25) x -> b =0,bz=0
carefully. And lor the real time control it is recommended to adopt -0.25< x<0,0 ->b=1,b;=0
the so far achieved various genetic techniques for example varying of 0.0< x<0.25 -> by = 0,bz = |
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Fig. 4 Internal functions of converlers used in experiment 2

Fig. I A cart system
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Resea- [avera-|learn-|cpu time{used |chro- |popula-|proba-{probabi| remarks
rchers|ge co-|ing compu- |mosome| tion bility|lity of

ntrol |method|hh:um: ss|ter size |size of mu-|cross-

time tationjover
D, Whit |40 mi~|GENIT-{3148 not 35 50 |large |not real num-
-ley |nutes |OR va-|trials |known known |ber gene
et al riant was used
M.0.0-| 200 00:17:04 |not 54 300 0.01 [not integer
detayo|second| GA |(9 gene-|known known |gene was
et al rations) used

15000 —
10000
5000
% 2 4

Iig. 6 The cpu time of experiment 2

Table 3 'Total resulls of experiment 1

Table 1 So far achieved results using GA for a cart control system

"Table 2 So far achieed results using olher methods for a cart con-

maximal su
rvive time
sec]
hh: mm: ss
generation

minimal su-
rvive time
[sec]
hh:mm: ss
generation

success/
run

average su-
rvive time
[sec}
hh:ma: ss
generation

* 7200, 00
09:24:34.00
48

$00: go: 55.3

19,50
00:02:16.60
166 7 300| 100

439523
01:06: 50, 65
68

$ : survive time which was searched most rapidly
* ! survive time which was searched most slowly

Table 4 ‘I'otal results of experiment, 2

trol system
Resea-|avera-|learning|cpu timejused remarks
rchers|ge co-|method compu~
ntrol hh:mm: &8 ter
time
D, Mich{about BOX 600 tri-{not 225 boxes were used,
-ie 1 hour als known |T = 0.05[sec]
et al result for test run D
A.G. Ba|about AHC 75 not ASE/ACE is used
-rto |27 mi- trials |known
et al {nutes
E.Gran{200 error about 10{SUN 3 [T = 0.01[sec]
-t et |second|backpro-|minutes off-line processing
al pagation
M.E.Co{214 CART |not not
-nnel I |second known known
et al
C.¥.An{24 AHC 10000 not 2 layer network was used
-derso|minut- trials |known
-n es

minimal su |maximal su |average su-
success/ |rvive time [rvive time |rvive time
run [sec] [sec] [sec)
hh:mm: ss hh:mm: ss hh:mm: ss
generation |generation [generation
$10800, 00 {*10800. 00 10800, 00
00:04:59. 70(10:51: 13.00]01:35: 20, 06
25/ 25 92 908 202
$:

x

survive time which was searched most rapidly
survive time which was searched most slowly
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