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ABSTRACT

This thesis presents an integrated robust adaptive control methodology, which is developed
for the control of nonlincar uncertainties of CT-scanner gantry system. In order to achieve high
precision tracking, the influence of unbalanced mechanical load hanging on the gantry is taken into
account besides those of frictions. It is shown that the nonlinearity can be simply parameterized into
the compact form, which is suitable for adaptation. The proposed approach possesses the advantages
of both adaptive control and robust control, and eliminates the disadvantages of each. It has ability to
learn like an adaptive controller and ability to handle various uncertainties and reject disturbances like
a robust controller. Transient performance is improved by this approach when compared with PD
adaptive controller. Furthermore, the resulting robust adaptive control law makes tracking error
converge to zero while maintaining global stability of the closed-loop system. In addition, simulation

and experimental result of real-time control are performed to show better result.
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Mi+ f %+ f,, +mygr, sin(x) +m,gr, sin(x +6,) + mygr, sin(x+6,) =u  (2.2)



VINUANTAN1AT IR sin(4 + B) = cos(A)sin(B) +sin(4) cos(B) 3¢ 1d9

Mx+ fx+ f, +m,gr, sin(x)
+m, gr[sin(x) cos(,) + sin(6, ) cos(x)] (2.3)
+m, gr,[sin(x) cos(6,) +sin(&, ) cos(x)] = u

= .

; ar d' ] =y 4:; 3y ar ciq
mﬂuu%ﬂzﬂﬁnmsﬂ 2.3 ImiTaonarsans mmounil sin(x) 1INWNULAZINDUNY cos(x)
WhAeiuezld

M+ fx+ f

m

+sin(x)[m, gr, +m,gr, cos(6,) + m, gr, cos(6,)] d
+cos(x)[ m,gr, sin(B,)+ m,gr, sin(6,)] = u :

dotmuald h= hsin(x) + b, cos(x) = H' Py, H'=[sin(x) cos(x)]r , B, =[h hz]r,
b, = mygry + m, gr, cos(6),) + mygr, cos(8,) 1z h, = m,gr, sin(6,) + m,gr, sin(6,) 1M

[ ¥
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Mi+fx+f +h=u (2.5)

m
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F, =[1.. sen(u) + f,_(1-sgn(u))]6 (%) (2.8)
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F =fx (2.10)
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E +f, = [x+[f, sgn(x) + /. (1 - sgn(E)](1 - 6(x)) B
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Ju =1 sgn(E) + /e (1=sgn()I(1=6(X)
+L7,, sgn(@) + f,_(1 - sgn(u))]6 (%) (2.12)
=F'P
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Friction

Velocity
f 2
s+
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. 4 ' { o
Tavh a=1/M waz B = f,/M Fwwisiiiees M uaz £, umiai mimiuiins
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5+ Bi(t) = an() (32)
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~ ar & - o ﬂy
Fayuvesnanpuausutudulsanmg Faannsolou Il

(1) = Ax(1) + Bu(1) (3.3)

Tooft A= [0 : ] B = [0} uag x () =rm}
0 X a (1)

A - a =4 ' & - o o
!Mt‘)'ﬂil'lif,u'lﬂ’5'Ilmﬁwa‘1ﬂ‘UENNﬁﬂﬂuﬁum':ﬁmgﬂluzﬂnﬂ!ﬂﬂﬁ %3!1](“41593“

Fg(r)} - [{c_(r)} 7 [ﬁd(r)} o
(1) (1) X, (1)
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0 = 0 1 | x(0) 0 . x, ()
[f(n} g [0 -ﬂ}[i(t)} ¢ [a}“(’) L‘fm] S
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Woan x(f) = X(t) + x,(t) way x(r) = X(t) + x,() wannmsunuaasluaumsi
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u(t)=—Kx(t) (3.7

Tavit K =K/ k] wezfiunaimagvordammsmuguiaine
J= j(x"‘in"'Ru)dr (3.8)
0

Wo Q,R unashawiia Positive Definite tazdnilagpmmsniuquitafige inamas K udn
1 al H ~ ' 1 A =
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- ' { ) & i a o M —
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E
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X=R-'BLp (3.9)

Taofwaing P duwasndaumnas i ldnnmsudaunsindad (Riccati equation)

A"P+PA-PBR'B'P+Q=0 (3.10)

nnaumsi (3.7) Fadanuniuny u(@) i ldazeglugl

u(t) = —{K, %)+ K, %(1)} (3.11)
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X=%X=-x, (3.13)

Tavi x, Aedwmisves Inanfidoanis(desire position) oz ¥ fAoANUAANAIAVDING
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Lﬁﬂu(sliding line) E Aal
E=X+A% (3.14)
Taof 2>0 ndwimue i A x-x, 9wl
E=i—% +Af=%=x, (3.15)
- % ~ o . | x A A @ d
Taun X AX AD mynﬂnmé’nmmuuh;;wﬂ reference trajectory) IWONTHIDYNUTUDY
aunsi 3.15 oudunar uaziibwanls ¥ Aldlunuluaumsi 3.2 nieufuiagy

aums Inuae 1§

ME + f,E =u—Mx, - f.x, (3.16)
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fumeounamenmeduniovesaunmsi 3.16 12 14dai
=M, +fx -K,E (3.17)
unungmsniuny asluaumsszuuidaEumsi 3120 Waumsszuudasi
M+ fi=Ms, + fx, —K,E (3.18)
auiareathaveseuns 3,18 d18 Mk + x, udisagaumslmioz 14
ME+(f,+K)E=Y"p (3.19)

Taoii ¥ =[x, x] luneeivesfSinaiimwisodam s
- -~ - r o 1 ) 1 ) o
[J=[M f} Wunnmesvessnnuranaalunslszanusmnimesiuy
wianaa
M=M-Muax f=f~f duswnudanaialunsyssnndmnsiimes
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V=MEE+p'T"p
={~(f,+K)E+Y"PYE+p'T"'p (3.21)
=~(f,+K,)E*+p"(YE+T'p)
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V==(f,+K,)E*<0

: (3.22)
p=-TYE
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Houaranthludrdusely

M =Aj1 =~y X E

y (3.23)
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u(t) = Ms, + f.x, + f,,+h—K,E~ ptanh[(a +bt)E] sl
=Y p-K,E~ ptanhf(a+bt)E)
4 oA i ' o e H @ aN a
diamew Y7 p dludntloudrmthisiyaimihiivasegedouasd lidhudady uazgu
dnwaziiuFaduveaszuumiungy meu K, E dudmvesdmuquiloundunuudiy

= 5 d'dy o Fy — o =) : a
wadu daluntisgihmihidumniuguittuuududums e

K E =K, (X+A%)
ot e - (3.25)
=K, X+ K,A%
dio K, = K,A uay K, =K, Whunuvesdinuguiiamudwu uaz ptanh[(a+br)E)
(3piludmvesmmuguuuuaany dwmuald quaz b iWudniivan dmsu p=0

{luilsfduveuvaun( upper bounding function ) YeafInIURULAINY Tasi
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M+ fx+ f,(x, %)+ h= M, + fx + f,(x,%)+h

(3.27)
~K,E - ptanh{(a+b1)E]
yimiuauaaeathuesaumsi 3.27 #u Mz, + f,x, udadagdaumsinieg1d
ME + f E+ K, E+ ptanh[(a+b)E]=Y" p (3.28)

e o T - - @ 1
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Amualindanaiiounofladdudonjuer AlFlumsasaouadosniwves

' ¥
yuvla naumsh 3.28 (@umsszuvia) 1adatl

V= -;-MEE + % P20 (3.29)

1INy himsmeyiusvosilanFudon)uowluaunsi 3.2 Weutunal Wude

V=MEE+p'T'p
= E{~(f, +K,)E~ptanh{(a+b)E)+Y" p}+ p'T"'p (3.30)
= —(f,#K;)E* - pE tanh[(a +bt)E1+ p*(YE+T"' p)

L e B e e i, | B SIS S

5U13.3 nsmlveailandu Tanlos Tudnumunus

11193910 15U (range)taz TAU(domain)yoaflandu lanlos Tunununuy (hyperbolic
a A & ) o = o q ¥ - -
tangent ) ¥ TIATBIMINEBMTDUAUAYND Awaaslugli 3.3 Mldinoufiaesvesaunisi 3.30
Ay NI ¥ ya A q 9 a o a A
fiswiosnimiamidugudminiy  uazie Iszuulaiiafosnmaumguiatosninves
agnfuen nanfie ¥ >0 uaz ¥ <0 duiu Jadmualiineuiauvesaunsi 330
l o A o o s d‘ 4

whfugud 3ol 1deyiuiveailandudenjueniignangdaums@umsi 3.31) wazng

MsUSUM@ENMSN 3.32) Al
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V=-(f,+K,)E* - pEtanh[(a+bt)E] <0 (3.31)
p=-TYE (3.32)
uaziisanmanldeuunlasesiduaiioufiousunade

V =-2(f, +K,)EE - pE tanh[(a +bt)E]

~ PE{(1-tanh’[(a +b1)E)).((a+ b)E + Eb)) (3.33)
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(x, waz x,) Tvnadiiaehldnmees ¥ fswedivadie) donaumsszuuilaceuns
13.28) wedunls £ Y uaz|p] vmadiia sxdawald £ Svuadiia
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¥ " A &
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dowuald C=diagly, 7, 7y v Ve 7s] Bumasodvesdunulungnis
Uiuan srarmnsnvneaumsveangmaliudi p = ~TYE ) Ieglugiveseyiusuoana
fiaoiigmlszuiasunmliaunndaamsi 334 Faesusnsigmitl$unsm

mniwesvesautleuaraniludduse 1

M=M=—yiFE
-.P = -f; =.—72er

(3.34)

=—y,sin(x)E
h = }"2 ~7s Cos(x)E )

TR o T
]
=5
|

Taofi M =0, £.=0, £, =0, £_=0, i =0 uaz h =0 vimiudouaumsi 3.34 oy

i
Tugduninsalddail



29

!

M(t)= M(0)-7, [%,()E(r)dr

50 =F0)-7, [x(@)E@)dr
£ ()= £.,(0)= 7 [sen(i(z) E(r)dr
; Y (3.35)

~

- = £, (0=, [(-sgnG(0)) E(r)dz

hy(t) = h(0) -, [sin(x(2) E(z)dz

0

Iy (1) = hy(0) = 7 [cos(x(x) E()dz
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Abstract

This paper presents an integrated adaptive-robust control
methodology based on the sliding mod=, which is developed for the
control of nonlinear uncertainties of CT-scanner gantry systen. The
proposed approach possesses the advantages of both adaptive control
and robust control, and eliminates the disadvantages of each. It has
ability to learn like an adaptive controller and ability to handle
various uncertainties and reject disturhmdcs like a robust controller.
Transient performance is iniproved by this approach when compared
with PD adaptive controller. Furthermore, the resulting adaptive-
robust control law makes tracking error converge to zero while
maintaining global stability of the closed-loop system. In addition,
simulaiion and experimental result of real-time control are performed

to show better result.
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Abstract

In this paper, we investigate nonlinearity effects in tracking
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Specific Number : 35P251Z170 Motor Frame : D90D
Motor Type : 3548P Wound : PM
Enclosure : TEFC(totally enclosed fan cooled) Class : F

Duty : CONT Supply : K

Series Number : W2 -90
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