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Performance Qutput Tracking for an Unstable Heat Equation with Input Delay

and External Disturbance”
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Abstract During the process of the end effector of an industrial robot arm accurately tracking the weld-
ing path, there exist joint friction (disturbance) and communication time delay. To address such issues,
this study investigates the performance output tracking problem of a one-dimensional unstable heat equa-
tion, where the model involves unknown external disturbances and the input end exhibits time delay.
Based on the properties of the first-order transport equation, the control system can be modeled as a cas-
caded system consisting of a heat equation and a transport equation, with the transport equation serving
as the actuator dynamic of the heat equation system. The system features a non-collocated structure; the
difficulties arising from this structure are resolved by constructing an appropriate auxiliary system, and
the control problem of the cascaded system is solved via the actuator dynamics compensation method. An
error-based observer is constructed to simultaneously estimate external disturbances and system states,
and a full-state feedback law is successfully designed to achieve the performance output tracking of the
system. Finally, it is proven that the designed observer is well-posed and the resulting closed-loop sys-

tem possesses exponential stability.
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L, =[(B — ¢)coshG + GsinhG [ f(G) ]
T, =[0Q, + (BF —Q ) coshG][ f(G) ]!
£(G) = (B — q)coshG + GsinhG ,G* =G
(66)
3.2 FEHLERIEHR
B2 g€ R".p>q BB H.f € C—~
C ik ZpREL, B4 1 R AR
F(G) = (B — ¢)coshG + GsinhG .G* =G

(67)
CIBES
ERR: &%

£ ) = (B —q)coshA, + A, sinha, (68)

Hia?=a,.YA, € C. ZEHT
JAsz”,VfE D(A,),
“D(A,) ={f € H* (0,1 (69)
[f/(o):(ﬁ—q)f(o),f'(l)zo}

S

A, f =2V, € c(A) 70

Hrha,,a, € Z B ODRATD R FF 14

(;{1 _B+q)a] _(/{1 +ﬁ—q)a2=O
, . (73)

x Ay
a, =0

e 'a, —e
K TOAAEZM L BACEREFT 513 det[A ) 1=
0, Hr

2

AL =2,
A

e - e

A

Fl—/wq — A B9
Ad)) = B N
(74)
] BT R R T R
det[A(/\l)]:/Tlsinhil—F(,@*q)coshxl:O
(75)

Hr, A2 =2V, € o(A,). Bk, 5 M R 3
£(G) T,
5133 WqegeR".B>¢.0, €C.T, € C™
M F, € CY W65, IAXEBEWIHIRE

[w,(+,0),0(0)] € H,
W2 RS (64) FETEME—ffF (w,,v) € C([0,0);
H,) . T4,

¢ Tw, Cou) o T |y > 00t > w0, (76)
Hop g SRR T ¢ (9 15 5L
IERR: ARSI EE 2 FSCER(22 AT R0, A AR M & L
€ C"' ffiff G — LF, & Hurwitz Ff. & X BT
Ay:DA) CH —~H H

A, (f.g)=[f".(G—LF)g+Lf(0]

Jv<f,g> € D(A,),

DAY ={(f.g) € H*(0,1) X C" |

1f’<o>=<ﬁq>f<o>,f’<1>=o}

77)
R T A, BE XD, RE640 0 LIS M4
B
X, () =A, X, (), X, () =[w, (o), 0()]"
(78)

T RS (64) /& B8 8URE R A R4 RS
W RIK RS, WAHT A, 7 H LA R 50
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5184 Hr€ER .qER",>¢.0, € C,T,
€ CV"" MF, € C" W& 65, XFIEEW
R E [w,(+,0),4C+,0),0(0) w,(+,0),¢4Ce,
0,00 ] € HXHAER u € L (0,0) , RE
(6D MR GE (62) FAAEME— R (wysdpsv wysdsv)
€ C([0,00) s HXH) . T35,

¢ o (o) =2, 00 @) — 0@ [y 0

(79
Hw, € R7,1 > o,
IERR . MRAESIEE 3 A, XA IR A
[w,(+,0),v(0)]
=[w,(+,0) —w,(+,0),v(0) —v(0)] (80)

WERG (6D M —f# (w,.0) € C(L0,0);
H) 15

¢ Tw, G o T [y —> 00 > (81)
H w, BAKET ¢ BIEFEL SHEEWHARES
o =¢(+,0), RKIFRF (6D B ¢ -T RG]

t
— Y =
J¢O(I r) T =t

$(xt) = (82)

Lu(t*z‘x),rxt <t
IRAFHE R [, (+,0),¢(+,0),0(0)] € H FIHE
u € L1,.(0,0) , RG(61)FF1EME—
(w, s ¢,0) € C(L0,0);3H)
H 4 AT A8 A (63) . 5E X
wy (T 51) =w, (x +2) —w, (x st)
, - (83)
v(t) =v(t) —v(t)
a8 (82) M (83), X AEE [w,(+,0),4(,0),
0(0),w, (+,0),4(+,0),0(0)] € HX H,RE
(61) Fll R Gt (62) 17 7E ME— i
(w2,¢,v,w2,¢,i/) € C(0,0) ;HXH
G D AR, FAEAKET ¢ WIEH L o, 15
¢ Gy (o) =y (o) 50 @) — 0@ ||, >0
(84)
Hrrr — oo,
Wit BT, YRS 4 WA w, Ceur) Al
0 () I w, Cour) T o) i, M3 W] 33 A8
(6O 4, B FR G 6) B &5 4n T
w, (xt) =w,, (x+t) +¥,(x) )Ly (t) —
Fo(t) +w(0,0)],
w, (0,0) =BLy.(t) +w(0,t) —T,0()]—

qw (0,0) + (gT, + T Do (1),

w, (1,0) =¢(1,0) + ¥, (Do),

—r¢,(xst)=¢,(x,t),

$C0,t) =u(t),

(1) = Go(t) +L[y.(t) —F,0v() +w,(0.0)]

y.(t) =Fv(t) —w(0,1) (85)
Hpw, (o) HGD EX.B>q BATSELL €
C"™ f§if8 G — LF, & Hurwitz f4.
FHE2 #rEeR ,gER".B>q.GE C™ i
2 (D, eC",i=1,2,Fe C",Le C"",
FEAERE T, (o)l (57 EX.T, € C"" AT,
€ C"" H66) % Lo ZAF (BT I AXHTER)
IRRA

[w(+,0),¢(+,0),0(0),w(+,0),4(s,0),

v(0)] € HXH (86)
S« € L1, (0,0 , RG(6) WL (85) {7 7E
E — figt

(wsgvswsprv) € C(L0,0) 3 HXH) (87)
LD

¢ wlest) —wlent) 0@ —o@) |, >0

(88)

H, 1 > 0,0, € R".
IERA: Gt EIHE 4 AR w, Gy A o) BT
IR w, Covt) F o) . 854 60) AT 15

w(x 1) =w,(x,0) + ¥, (x)ov)
L w Ce ) & wCenr) Bl

MMEB IR [w(+,0),4(-.0),0(0)] €
HAPER] w € L1, (0.00) L5l 5 G5 (6) 77 7F ME— fif

(w,¢,v) € C(L0,00);H)
MEIE 4 ATHL. REE6D) MRS (62) 16 E M. 45
G (60) AT (87) W ar. R R 4 (6) F5| 3 4
(84) AT 1 (88) B Y.
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