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4 Well defined



oS JuS (oo (eie (o, e () (Byre b el oalioslinal alie 5 (655
by JruS (b lp ey S L] 5o [a-F o 57 8 yme wis ) J 558 (610 1, (oo
ool a2 9 55999 Sl b BB 385 Hebar oS lapins Sl Slaiws (sl S s
| oasalyl by g LIS Calesyo g osslimmsds "alay JyuS by dnwg 5l by, cnl ol
o1 olalazel ol s om plie [0] am e 45 ol oud sy dls 5 (655 el (S5, 2
Py J5S Ghgy epslie S5 laghs) 5l (o tanl oad (pw)p dlo 5 (655 (o8
SYolas 5l aiws SO gl J 8 el SG Beibld &b 5l oolatnl b al> oy 50 g, cpl jo .l
Sl [A] e o .;.\.3‘—“50 Cowd & e Sl oles S (98 ):'>T a>,0 04 o] ds
59 51 Ghoy ol wdlise alie 5 (655 s wiile Sl 8 Slaptucn I At Sl Sllugs
Sl Sllugs ghls a5 pgs 4l e Ssilels iy o Jol dl> o o sl oad fSis i
oy & ol s ly 0aiiS RS pgo >y 10 g 05l 0 oSS s 0l (sl el
L) s (52 9,5-(695,9 Sl (o (0,85 Joe lal o [a] 3 05 e 00ld (by1uS plfy
35U e oo oasl VY=V o] al e 0 izl 00,5 S T 00,5 cnsSals 658 Jow
S 5O s &5 098 o0 Jloel Sloj ladd (o0 (55l (a aS Lo (pl 05 Ty (B S
2 (795 —(699,9 38 il (ot eaiiS J S 4 SIS O jsan] e j0 g all (0S5 bl
S s 5 o o] o 42 )0 &5 et slp [V o] o Jliplyiedr asS e luy
599 Bl )3 g (i J S il 51T oSS bl (Sooj 50 Wl se 45 Canl oyl JpuS ol
oobel p J5S 058 nl el bl Gizren 5w solaul @80 S e 5l 0SS bl )
JrsS slagigy el 48,5 )1,8 dnlllans )50 Sipzmdgw slo) 0 )0 gl yio slaSwlyo LS,

OIS &5 g0y T 3529 4 el 50 6 5ell juE b (5l Cuabad puac a5 aBlge o pglia

! backstepping control

2 singularities



slhe S (sla s, 5 o5 kbl o551 commlie 3SLac 5| a2l pplas Lncalad e
o 5l 0aiiS jgue (38 o o Gy, ol o ol 33 390 iy, (oS ped slapiam (51
syt oo & 6055 18 s 55 2 T 65505 sl 45 3500 (x5 oIy o Sl
o518 5 o ol el o ) a5 (655 i ot o 54 e L5 Y] s
) e &5 Sl oad o v B (nl Grizmen 9 WSk e (STl 6 xS olx sl (J S
So DVFVE] s immen ol oad 5oy (oS00SS 8 ,Shee LS e 4y 5 D9 Sy
WV ezl 5o aelsl )3 ol oatoloiing ales 5 (655 phanw (slp (o213l (G534 rlaw J5uS
5 Gy 3 IOV] 53 el o s 655 s (sl s e 0255 25 itz [V
o il alon 3 (555 s 4t b 3 oty LS o il b et pslie
Tl g o5 oy Coabd pac jpho )3 a5 aib oo D)ygoinds o edd &l by, s ol
JrS DAL 5o prizmen 098 180 (539)9 plod 4 (oilme &jg0ts Wlgis 05 Cubye caloo
Sealizs E¥olen o] 10 45 el o 4] aloo 5 (655 i (SlacSnolins (sl polie  inks
sl 00 7S S b lallaz ol s g okl o 4y alis 5 (655 pinnns (sloSaliyo 3l llas
g Ml oo Sgazme laz slo JUSow ples ol ools lis 6, 80b 08 j0 .l oals oo polie
JrS ok sl sl [V ] g sy ailbigo jho 4 obs; sl ol San ob (550 s
Glogizy 4 Sosy (nl slml 45 eads &l alos 5 (655 s (615 T ASLLS & 5l ool L g5
5 ol gla by, yiien Cawl atinly j3 e 9 jePey Slapl 4 (et e 5SS guse
@Bt S5 Sl 9y e ol oo s (28b) B85 Joo wiejls (S e ]S 059>

ST 3T aclgs wlul p aS 556 JuS aule ola by, 5l ail ced (wywd jo ol 3:8s Jow a5

! Sliding mode
2 Tracking error
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4 smooth control Lyapunov function
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! Real time

2 back-propagation error
3 temporal difference

4 reinforcement learning
> decoupled

6 variable structures

7 saturating controllers

8 tanh controllers
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Abstract:

In this paper, both direct and indirect adaptive fuzzy backstepping control is provided
for a ball and beam system utilizing output feedback. Firstly, a nonlinear velocity observer
Is designed for the system and then adaptive fuzzy backstepping control is accomplished
by the system states estimate. A fuzzy system with adaptive mechanism should be used
to estimate the dynamics of the system because modeling physical systems is always
associated with uncertainty and also backstepping controller requires dynamic
information system. For this reason, in the following, direct and indirect adaptive fuzzy
backstepping controller is provided for the ball and beam system. The observer and
control system stability are shown by the Lyapunov theory. Simulation results illustrate
the proper functioning of the observer and also adaptive fuzzy backstepping control
method on the ball and beam system. Also, the results of the proposed method are
compared with an existing method in order to show the performance and accuracy of the
controller.

Keywords: Ball and beam system; velocity observer; Adaptive fuzzy control;
Backstepping control.
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