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Abstract : Backstepping control method with automatic tuning design parametersis proposed in this paper. The method
is employed for the stabilization control of ball and plate system when system initial conditions vary in a wide range
and system controls are constrainted by saturation characteristics. Equilibrium points of error system in the
backstepping control are analyzed. Relationships between design parameters in the backstepping control and the
dynamics of the error system are illustrated. Mamdani fuzzy logic is used to tune the design parameters automatically
in the backstepping control. Rules of the fuzzy logic are optimized by usng genetic algorithm under the restricted
conditions introduced by control saturations. Smulation and experiment results show that the backstepping control
method with automatic tuning design parameters can reduce position errors and position overshoots in stabilization
control.
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B, X X Y y Vi = A/2, (8)
21 Oy, =- Gy 2Zxy + Xd. (9)
(m+ 1o/ )% - ma? - mpB + 1Cy G, > 0. (7)
mgsmt - f, =0, (1q) 9,
(m+ 1o/ )% - mo? - mef + Zx, = - CqZxy + Ze. (10)
mgsnmt - fx =0, (1b) L yapunov Vi
(Ip + 1o + mx*)A + 2mx0 + mxB + Vi =+ CqZy + Zx Zn,. (11)
mxPB + mxyP + mgxcost =T, (1c) (10) : Vi
(1o + 1o + my>)B + 2myB + mxy@ + :
mx@ + mxy + mgyco =T,. (1d) 2) 2
cm,r, : fx (10) O,
fy X Y T Oy = Gy 2Zx - CyZe, + Xa. (12)
T, Y X 2,
[2]. Gy = %oy - O, (13)
o) o TR | @A) [ e FRLUR T2 (3 (2,
B8 LA ERY: 2y, = k(302 +By + ./ m) -
e A 1 4 1 PR 3 1 2R & 2 + Gu 2y, - %a- Kux. (14)
L yapunov Va2
Vo = 2,12+ 2,/ 2. (15)
L yapunov V2
! Vo =
2.2 X . .
X | - Gy Dy *+ 2o [K(x0F +By + f./m) -
= [x,x]". 2) (&, - Dz + Cy2Zx, - Xa- Kuxl. (16)
of, fx, y , (16) '
[7]. (1a) U =
X %02 +By + fof m+[(cy + Cy) 2z, -
{xj :[ Xy } +[ oJ N (&, - 1D zq - Rl K, (17)
Xx k(x 0% +By + fu/ m) - ' Cx, e, > 0.
(3) (5 @7, a a,
-k , o, = arcdn(u/ g). (18)
k= mr®/ (mr® + 1v) ; (4) (17) (16) ,
W = gdna. (5) Vo =- ¢y 72y - C,2% < 0. (19)
: (17) (14) ,
' Lyi;:])unov : Zx, =- Zx - CxyZx,- (20)
Cxy ,Cry
{le B 6) limva() =0, limva() = 0. (21)
Z, = Xx, - Oy { mw Lyapunov Vi |
 Xd (0%
) Xd ’
3)
y L (10 (20, (8
2 | _dlzszAlzxj'Az{-cxl 1J.(22)
2y = Z, 0, - Xa. (7) dt| z, Zx -1 -
L yapunov V1 oy, A
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A1,2 = _d_ Zy:l Zy:l - Cy:l l
L / 2 dt =B B = :
- 2[(Cx1 +0,)  Jloy - ©y)° - 4] (23 Zy zy -1 -
: Zx, (32
32 22). '
2 . 1, Jog-ogl =2, (32) 22 B
Ze, 0, A B: = arcsin(u/ g). (33)
’ (22) - 2.4
Zy, - Zx, zy, =0,z, =0.
2, | og-0cyl <2, Zy, , Po, €= on;
0 Ao U = - P,e<- g; (34)
(22) (7] f(e,8), ese.
z, =0,z, = 0. : Py f(ee) e e
(22) , : Up
zn(t) = [2].
Z Cx, - C V4 4 3
_Xlﬂ.(l_ _XJ—XZ) +_x20.]e-2[(cxl+cxz)»ncx]t +
2 ncx ncx !
Aﬂl _’I—ZCX - & 320. -';'[(cX +Cy )+-nC It !
[ (1 + n, ) n, ]e 1% X, (24) (24) , o, ,
ncx = ,[(Cx:l - Cx2)2 - 4, (25)
wa = Xo - Xdo, (26) '
Zxy = Cx (Xo - Xg,) + Xo - XdO. (27) )
: Xo X y Xdy Xd !
(24) , (22) )
, Gy = Cy ,C, =Gy,
(0,0). (- 25, - 25),
(- 50, - 50), (- 100, - 100), (- 150, - 150) ,
G (- 200, - 200) , mm. 0.
Xy y
2.3 Y , (18 (3D
(1b) Y O] SO = 1%, B | <P = 1.
[Xyl l Xy, 1 |: OJ
. = ) . + Uy, 1. X
Xy k(xy % +dB'x + f,/ m) . Y C, Cy
[0.01,0.5]. 5 ,
(28) (o]
Xy 1
xy = [y,yl" (29)
0.1< Cx, S 2.2, Cx, +Cx, S 3
_ (- 25, - 25)
Zyy T Xy 7 Ya, (30) 0.1<c¢c, 22,0y +cy, <3
Zy, = Xy, - Oy, 0.1 <0y 17,09 +0Cx, 2
(- 50, - 50)
" Yd Ay, , Yd 0.1<c, <17,0¢, +cy <2
0.1< Cx, < 1.2, Cx, +Cx, < 1.6
2.2 Y (- 200, - 100) 0.1<¢, <1.2,¢y +cy, <1.6
Uy = XylﬁA2 +q3-X + fy/m+ [(Cy1 + 0.1SC><1 So.g,Cxl + Cx <1
(- 150, - 150)
cyz) zy, - (C§1 -1 zy, - Yall k. (30 0.1<c¢y £0.9,¢y +cy, <1
-Gy, Cy, , ¢, >0,c, >0. (- 200, - 200) 0.1<cyq 0.6, 09 +0y 0.7

Y

0.1<¢y, £0.6,cy +cy, <0.7
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, 3
J:J'|le|+|zyl|dt:
0 | Zxg | ox Cxy
IO | X- Xa| +| y- ya| dt. (35) ZE 1.5138 0.4000
20, SM 1.4750 0.3480
0.8, 0.8, 200. M1 1.1454 0.2500
5 5 Mamdani LA 0.8179 0.1820
26) X VLA 0.5511 0.1400
| Zey | . {ZE,SM \MI LA VLA}.
4
: 3. Cq  Cx,. _
2 (- 85, - 155), (0.0,
mm. .1
S % o O . ¢, =0.4,c,=02,c, =
(- 25, - 25) 1.5138 0.4000 0.4.c, =0.3. 2 3
4,¢c, =0.3.
(- 50, - 50) 1.4750 0.3480 o = 199 c. =
. y Cxy = . y Cx, =
(- 100, - 100) 1.1454 02500 0.274,c, =0.789,c, = 0.177.
(- 150, - 150) 0.8179 0.1820
(- 200, - 200) 0.5511 0.1400 4.1
1 2 X
7.0
— BB (-25.-25) 11.20mm ,8.85mm; 1 2
g 66¢ ‘ Y 23.53mm,
T 62 1\— 20.36mm, 4, ,
10 20 30 a0 50
HURFS ' ;
160 4.2
- 1o — (R (-150,-150) 1 ) 10 x
S 80} 18.25mm,11.80mm; 1
40 n n : - : 2 10 Y
10 20 30 40 50
33.62mm ,27.01mm. 2 1#
HEALAL R B
) 5
, X Y
ZE SM Ml LA
B
i ;
#® X Y
: , R 64.66 % 80.34 %.
0 25 50 100 150 175 200
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j . | me | Dj Il Cx:l Kclj ,Cx2
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