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ERUTN RS
X(t +1) = x(t) + hf (x(t)) + hbu(t), y(t) = cx(t)
K H & 24
U, (t) =u (t)+ (e (t+1)—e(t))
HSe St 264 A
1-ycbh|<1, O0<ycbh<2 (Hf(x)LK. 5hFHX)
Eh=0.001
0 < ycb <2000
By =1/¢b
0<cb/&b< 2000
Ri%ch =1
0.0005 < éb < o
B chiffiti i1 40.005, Ry =200

W y, (1) = 2x[6(t)* —15(t)* +10(t)°],t € [0,1]
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f=sin(x”)
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=sin(x)
f=sinfx) |
f=sin(x" )
F=sinfx' ) |
f=sin(x")
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—. ILC7XE 3 (Arimoto’s Postulates)

(A1) Each operation ends in a fixed finite time 7 > 0.

(A2) A desired output ya(¢) is given a priori over the time duration ¢¢€ {0, 7].

(A3) Repeatability of the initial setting is satisfied, i.e. the initial state x4 (0) of the objective
system can be set the same at the beginning of each operation in the following way:

xx(0)=x? for k=1,2,...

where k denotes the trial number of operation.
(A4) Invariance of the system dynamics is assured throughout repeated trainings.
(As) Each output trajectory y«(7) can be measured without noise and hence the error signal

ec(?) = yalt) — yu(?)

can be utilized in construction of the next command input.
(Ag¢) The next command input ux+;(#) must be composed of a stimple and fixed recursive
law as follows:

e+ 1 (1) = Fue(r), ex ()

18
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U (s) :%E(s)
0(t) = e(t)

. u(t)—>0, u(t)>Const., ast — o0,e(t) >0
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U(s) = 1—1e‘TS E(s)

u(t)—u(t—T)=-e(t)
u(t)=u(t—-T)+e(t)
Sou(t)—u(t-T)—>0,ast— oo, e(t) >0
l.e., u(t) > a periodic signal, as t — oo, e(t) >0



AR = R A
u(thY=u(t'=T)+e(t)
St=t'+kT, u(t)=u.t), te[0,T],k=0,12,--
Uy (t) = Uy, (1) + &, (1)
U (t)y—>u ,(t), as k—>ow, te[0,T], e (t)—>0
l.e., U (t) > atime-variant signal, as k —» o«,t €[0,T], e (t) >0




pualyy

HAZEST: u()=u(t—T)+e(t)

A U(t)

t* t+T ool
B u (1) =y, (1) +e, (1)
A U*(1)
A U*(D)

A U*(1)

AL E R
MREEE,
FERAGTHI R !

[7E] B R
CPRLR I et PR SIS )



IEE S L

U, (8) = U, (8) +, (1)

&1

te[0,T], k=012, -

=T e (t)

B L

iIﬁ‘ U1 (t)

AR AMER U (1)
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Uy (1) = Uy () + e (1)

4 limu, (t) = u*(t)i,

k—o0

3, (1) = u*(t) -y (1)

25



P9, CMILCHYHf3a)fE 51K
{kFEArimoto’s 7SE HE 114 | LCHR 2 [o] &

(A1) Each operation ends in a fixed finite time 7 > 0.

(A2) A desired output ya(¢) is given a priori over the time duration 7€ [0, 7].

(A3) Repeatability of the initial setting is satisfied, i.e. the initial state x4 (0) of the objective
system can be set the same at the beginning of each operation in the following way:

xx(0)=x" for k=1,2,...

where k& denotes the trial number of operation.
(A4) Invariance of the system dynamics is assured throughout repeated trainings.
(As) Each output trajectory y«(7) can be measured without noise and hence the error signal

ec(?) = yalt) — yu(?)

can be utilized in construction of the next command input.
(Ag¢) The next command input ug+;(#) must be composed of a stimple and fixed recursive
law as follows:

ur+1(7) = F(ux (1), ex (1))

26
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P1. FIFZE: WHESHEERE

(A6) The next command input u,,(t) must be composed of
a simple and fixed recursive law as follows:

U1 (t) =F (uk (t)’ € (t))

D-type learning law and its variants:
D-type: u,,,(t) =u,(t) + '€, ()
PD-type: u,,(t) =u,(t)+I'(e(t)+ Le (1))

PID-type: u, ., (t)=u (t)+T(e (t)+L, L: e (s)ds + L.e (1))

P-type learning for systems with relative degree one:
Uy, () = u, (1) + T'e, (1)

28



ILCE 3] ARG RIEI SR 1%

Higher-order learning law:
F (uk (t)’ € (t)) — F(uk (t)’ o Um (t)’ € (t)’ 0 €m (t))

Uy (1) = P (1) + P, (1) + Qe (1) + +Q.8, (1)
Varying-order learning law:

F(u, (1), &, (1)) = F(u_; (1) &_;(1)
Uy 1 ()= Uy _; (D) + Fek—j (t)

29
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Closed-loop learning law:
F(u, (t), e (t)) = F(u,(t), &..(1))
u, (t) =u,_,(t) + e, (1)

30
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e O < ol O] 0<p<1

AHIEA:
2 I HiLB:

ek+1(')|| < Py ”ek ()”
€1 ()” Ny ”ek ()”

P. BHp <p, WEIEZEA-2IHEEB

WA~ AfHH
e 0= e O]+,
e O][=p2 e ()] +A,
B < py RE
pullecOf+4, < p, e O] +A; < o, e ()] +A4,

R A
A <A,
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P2. ZEENRFFIFE

(A5) Each output trajectory y, (t) can be measured without noise

IR A B 2 S HIR
FENLARGESR T R FHRHE R
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P3. ILCRZHIE#EM

(A4) Invariance of the system dynamics is assured throughout
repeated trainings

Iteration-indendent disturbances:

X (1) = T (% (1)) + B(x, (D), (1) + w(t)
¥, (£) = g(X, (1)) + v(t)
Iteration-dendent disturbances:

X, () = T (x (1)) + B(x,(t))u, (t) +w, (t)
Y (1) = 9(x, (1) + v, (1)

33



P-type learning for systems with relative degree one:

Uy, (1) = U, (1) + Te, (1)
Its convergence dependents on the passivity.
Not robust with respect to the uncertainties:

1,(0) = 1y(0) + T3.€,(0)

Closed-loop P-type learning:
U, (t) = U, (t) + T, (t)

4,(0)=U,(0)+ T 6,(0)



P-type learning law with a forgetting factor, O<a <1
U2 (1) = (L= a)u, () + Te, (1)

(- a) () + T - @) e (1)

l— (1_ 0[)k+1 e
1-(1- a)

< (1-a)“ u, (t) +

asle, (t)| < €. Hence,

IN

ou. (1)
Upu,(t)

k—)oo

1.
—1I€
o

Ase (t) >0, u (t)—> 0.



P4. ILCERGRIFEIS)-R

(A3) Repeatability of the initial setting Is satisfied, I.e.,
the initial state x, (0) of the objective system can
be set the same at the beginning of each operation
In the following way:

X, (0) = x°
for k= 1,2,---

11C) X, (0) = x,(0)
1SC) Xy (0) = X’ (# Xy (0))

36



ISC) x,(0) = x* (= x4(0))

D-type learning: u, ,(t) =u, (t) +T¢_(t)

y*(t)=y,(t)-C, C=¢y(0)
PD-type learning: u,,(t) =u,(t)+ (e (t) + Le,(t))

y*(t)=yy()—e"C, C=¢g/(0)

Initial rectified D-type learning:
u.,(t)=u, (t)+I'(e(t) +6,(1)C)

t
y*(t) = ys () +C| 6,(r)dz
Initial rectified PD-type learning:
U () = U, (1) + T(&, (1) + Le, (1) + &6, (1)C)

y* (1) = Yy () —e“C[ 4,(z)dr
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P5. JE—E#iZEI0)RR

(A2) A desired output y, (t) Is given a priori over the time duration,
te[0,T]

Two cases:
1) The desied output with measurement noise; and
1) The iteration-dependent desired output, 1.e., Yy, (t)

40



P6. ZF[X|g]|o)R

(Al) Each operation ends in a fixed finite time T > 0, I.e.,
te[0,T]

Two cases:

1) randomly varying duration; and
1) variant duration, T, >0, i.e.,t [0, T, ]

41



CMILC for systems with wel |-defined

AI + Adaograa
eiative aegree

Continuous-time ILC, for system {f (x),b(x),g(x)}
vy =L g(x)+ L L g(x)u
Uy, (t) = u, (t) + T (1)
Discrete-time ILC, for system {f (x,u),g(x)}

y(t+r)=go f(f(x(t),u(t)))
U1 (t) = U, (t) + Fek (t + I’)



CMILC for systems with well-defined relative degree
Anticipatory ILC
y(t+A)=g(x(t)) + AL, g(x(t)) +---
Ar—l
(r-1)!
_|_JAt+AJ-t1...jtr_ll:l_r (X(t ))+ M (X(t ))U(t )]dt gt
t o Jt t (9 r TR . ; ; ]
U, (t) =u, (t) +Te, (t+A)

+ L' g(x(1))

Sampled-data ILC
y(jh+h) =g(x(jh))+hL,g(x(jh))+---
hr—l

TR

cdheh ot ety
o R IR P M TCT () e

o jhth oty pt, (1 i
[0 LT e (x( )t -t uCjh)

U, (t) =u(t)+ e (Jh+h)
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HEI ILC: ILC == RC

PLULCHIZ T 51t H B RRCHI T 5iX
i1

Y. Wang, D. Wang, B. Zhang, Y. Ye, From iterative learning
control to robust repetitive learning control

Proc. 2005 IEEE/ASME Int. Conf. Advanced Intelligent
Mechatronics, Monterey, California, USA, 24-28 July, 2005:
969-974

G. Pipeleers, K. L. Moore, Unified analysis of iterative
learning and repetitive controllers in trial domain, IEEE
Transactions on Automatic Control : 2014,59(4): 953-965
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RLC: && ILCERC

RC

IC: X,,,(0) = X, (T)

Learnability: 6.(T)=6,(0) (6(t+T)=20(t))
ILC

IC: X, (0) = x°

Learnability: 6, ..(t)=6(t) (6.(T)=6,.(0))
RLC

IC: Xk+1(0) — Xk (T)
Learnability: 6 _,(t) =86 (t)
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Drag coefficient curve identification of
projectiles from flight tests
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