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ABSTRACT

Ball and plate system based on vision is a typical multi-variable nonlinear object, To the question of position and
trace control, a based fuzzy multi-variable control combined neural networks is proposed on this paper. The
simulation result and real system result of position and trace control shows that our scheme has better performance.
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INTRODUCTION

Ball and plate system is a typical multi-variabttinear object, such as Figdvhich is composed of ball and plate ,
CCD, motors and controller. Two motors drive platsdle, CCD is for ball position detection.

It's a problem[1]as Ball and plate system is doufllenonlinear object. To the question of positiowl &race control,
a based fuzzy multi-variable control combined nenedworks is proposed on this paper. The simutatésult and
real system result of position and trace controlghthat our scheme has better performance.

Fig. 1: Ball and plate system

CONTROL STRATEGY

X and Y axis perpendicular on the plate, which twas degrees of rotation freedom with the X axisatetand Y axis
rotate. Corresponding to the plate around the > agtation angle q1 and g2 around Y axis rotatiogley
counterclockwise is a positive angle.
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Fig 2: Therelationship between the plate angle and motor

It can be proven that if the g is smalhe relationship of q1 and the X-axis motor rotaim1, g2 and the Y-axis
motor rotatio®mz2 can be shown as follows:

d

ql = L Hml
Ly (1)
d

a =26,

N

For Googol ball and plate system used in this pafierd2=23mm. L1=L2=98mm.
Based on Lagrange equation, we can get ball and gystem kinetic model such as follows:

X direction:
2

m,gr, sin g, Cosq, - morb[(h + rb) L= Y & sin 0 =% 0, 2
=%, G Sin” g, + (h+1,) g, sing, cosa, =2y, ¢, sing, + %] 1,((%/1,) +0,) =0

Y direction:

m,gr, sing, +myr,[%, (¢ sind, +q,¢,cosg,) = (h+1,)(q, cosq, — g, q;sing,) +d,q,(h+r1,)sing, (3)

2

Yo O +% 0,0,C080, +2X,qsing, + y, ]+ 1,((,/1,) —¢,c0sq, + 0, ¢ sing,) =0
mb- ball quality

Rb-ball radius

Ib- moment of inertia for ball

h- the distance between plate surface and platercefrotation
xb- ball X axis coordinate position at the plate

yb- ball Y axis coordinate position at the plate

System can approximate is decomposed into two stdasg, party x and y direction, such as:

Xﬂ i X, 0

X | = B(X1X42 - gsinx,) + 0 u

X, X, 0

. 0 1

X @)
X | | Xg 0

X | B(X;%, — gsinx;) .0

X, %s o’

L 0 1

| %] (5)
Among them:
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- m
(m,+J,/1%)
G =U, X =0, %, %, X, X0, %]
a,=u, = [X,X, 0y, Gy, Y, ¥s O, Gl

The motor shaft position is tested through the metith encoder , But betweed and motor shaft there is a
reduction ratio n, the encoder output pulse sigaati feedback to drive, drive receives the signélimcremental
encoder, Signal by the two road signals (A, B) #raindex all the way signal of two-way signal fmuare wave
signals, phase difference between the two is 90edsg A signal ahead of B signal motor forward eotlise the
motor reversal. Here an integrator is containedérvo motor model, so the servo motor can be regardn
integrator.

Close loop control of ball and plate system striecis shown in Fig 3:

Fosition Ball
SetPJm}v Ball +)_i Flate Plate Ball Position
— ¥ "'D_F Postion —= L ) Angle " o Acceleration *
Ty Control - Corteal | ‘
Poation
P ctentiometer

Vimon

System

Fig 3:ball and plate system control structure

System working as follows:
(1) System initialization.

(2)Control system began to work. Each control cyenes to collect a frame image, based on imageepsing
operations to get the ball in the center of magherimage coordinates.

(3)According to camera calibration of camera patamenatrix, the small ball in the world coordinatgstem is
obtained by the coordinate mapping real location.

(4)According to the result of (3) and the contrnhegy of calculating motor rotation; Control ®ystis distributed
to the actuator control instruction according te thsults of the calculation.

Considering the symmetry of x direction and y dii@t, The following only discuss x direction corites design Y

direction controller is the same as the x directiorhe input for the controllere: [Xd -X and
e:[xd—x] ,ql’ql , output is Ux o
@)
The first layer for the blurred layer of the coflieo, Membership functions are gauss functiXh; is the first
layer of the ith node output
(%—¢)
y Y =e o (=12..20k=1,2,3,4) 6)
The second floor is
@ _ Cx @
YT EMXA(@ T YT sy 5 o0 @)

@ — i (2)
The third floor is Y« = MINA™) (k=1 2:n=1,...10;j=10(K-1)+h
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. C, 0. W, L . .
Network parameters need to be trained abe ", ", To simplify the calculations, assuming the cergted
i i i . =C . =0 . o
width values of all membership functions are equaf:” , ! .Offline training these parameters, The cost
function is selected as the optimal control indarction E. Therefore, the parameters of fuzzy rlenetwork
controller can be off-line training in accordanciéwhe gradient method:

o0E
w; (k+1) = W (k) _ala_a)”‘
ck+) =c(k)-a, %E (8)
Jc
oE

ok+)=0gk)-a,—
00

a.

. is Learning rate.

EXPERIMENTAL RESULTS

A real system experiments has been done combineddban Matlab. Experimental parameteds=23mm

m, =389, r, =15mm

L=98mm, , the plate radius is 140mm.

Table 1 ball and plate system parameter list

Number | Parameters values
1 Outline dimension 600mm*300mm*400mm
2 The motor rated powey 24W
3 power AC220V 50HZ
4 Ball quality 38g
5 Ball radius 15mm
6 plate radius 140mm
7 Reduction ratio 8
8 pixel 768*576
9 Sampling frequency >25fps

The basic position control achieved within the edtmm, such as Fig,4the ball reaches the desired position from
the initial position (0,0) (50,50),'+’ show its fegtory in the Fig 5, x coordinate error is 0.62rand y coordinate
error is 0.56mm while a grid is 1mm in the Fig 5.

Fig 5:Ball from theinitial position reachesa set (50, 50)
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On this basis, a small ball trajectory control hade, in Fig 5 the ball move from the origin aldhg x-axis from
the movement forward, in Fig 6 the ball move Seirégry from the origin position.

y = 004+ 0035* sin((72/2)(x /0015)
While x:0-100mm;

Fig.7.:Trajectory control two Conclusion
CONCLUSION

As ball and plate system is a typical multi-var@lvionlinear object, Its characteristics and contnethods of
research makes sense. To the question of positidrirace control, a based fuzzy multi-variable oaintombined
neural networks is proposed on this paper. Frometperimental results, reaching the position eofoabout 0.6
mm, have achieved a more accurate position coatrdlbetter trajectory control.
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