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Influence of Channel Noises on Wireless Remote lterative
Learning Control Systems
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Abstract:  In wireless remote control systems, one feature is that signals are transmitted in wireless network from the sen-
sor to the controller and from the controller to the actuator, but signals are inevitably disturbed by channel noises, which af-
fect the performance of wireless remote control systems seriously. For a class of wireless remote control systems with iterative
learning control (ILC) method in the controller, the relation of channel noises and output error is derived first, and then the
influence of channel noises on the expectation of squared /,-norm of output error is analyzed. The analysis shows that the ex-
pectation is a function of system parameters and channel noise variances, and converges to a limit error with the increase of
iteration number. When system parameters are fixed, the value of the limit error increases with the increase of channel noise
variances, which means the larger channel noise variances are; the greater the influence on the tracking performance is. Fi-
nally, simulation experiments are presented to demonstrate the correctness of the conclusion.

Key words:  Wireless remote control; Tterative learning control; Channel noise; [,-norm

Y AR E SR AR AR L AL, BTN — T R 2
—o TEFIZRPEH R G H LI ] 45 A AT A% 24
UTSEAER , RIS R G T RA SR 5 T aod PO 2 AT R A A RSP A D [l g, T

w
il

Wk H B . 2012-02-22; & HH: 2012-09-02
HEATH LT AR (S30108) 5 1R T A S8 0 H (08DZ2231100) Bk A e B



2N

1628 15

VO 28 %

JE I A TCER M 25 T i JC R 1 R 48, WT SE BN R 48
A e, A R

B2, T MR T ABAER RGOk TIFZ
BTHIBRA o AN, 38 A T2k 19 2% 1 i 14 I 5 45 5 AL
S BINAE | A 55 K R S, 30 23 32 B A5 18 M Y
T, EAREE R RE T B, U H X TR S
1 TCLR W 2% A i 14 0 £ 0 A 3k AR o #2  (Tterative
learning Control, ILC) &4t , {5 5 1& % 12 Fr & i)
{18 M P e B S 45 5 A 2 AR 21 R AR, ™ E 5 )
TR ILC R PERE . B, 20 B 4205 5
TCLR A i e P I 32 2 (9 5 TE W A5 X ILC AR e B A
RERYSZ MR AT+ B X

FURI , 7R T8 15 ™ 2% 1 TLC R &t Jr 1l & 2 TG
TS R o SCIRLS 5T % — Ak gtk 2 45
RGBT T [ I A B B 25 2R X 2R G St g
HIRZ IR, 4 R S FRR R G ISIGE ., IR 3 T —
ot R A2 M D7 925 1 B X 2R e SO S FE Y 52 0 5 SRR
L6 1R R — U3k AU 15 5 B R 2 2R A 1) AL, $i
e 2 1 g AR R AL BT, R OR TH BRI 15
5B RX RGNS RE A R2 0 s A2 SCHRL T ] v, 1 ik
— A H R TR R A R P S 2 R Al ST
P A T RE— 2 ST SCHR (8 ] b 1 — 2Rkt
BN A Y TLC R Gek 5 5 A E 2R G BT Bk
SEVEREL, 25 T AAAE Z S UL T W R GEMSIER 1 3
WKL O J e ot A 20 1o v, P AP AR B 1 5 5 2R 19 TLC &
G N s A R G, IR T 2 A A S ARG
FaE A5 DL b SCHRAE L T30 45 R 45 14 TLC J5 T
THIBWESE (BB 75 B A5 18 M P X R e R B P fE
FORZIR o ZEMT S HE R P S5 A BT TP R G 1R 22 ML
PR R 5 T © R T VR 2 R v Sk
LLOJAIL T B2 — e B il M AN TLC R 48, 70
i MR RO R G ) T R 22 RN s SCHR [ 12 ] £
Xof D0 £ M P LIRS T PX AR e R 22 R R, B2 A
T PTE A N i % 22 AT Kalman 95 9 748
REDRRE VL . UK ILC RGEXTH & M TG & SR Y
R EEE MR R T REALYE T, T H R
TeZ A it A b I AR SRR R T 2 4 A8 e AL
PR ARANTR] T i MR P S RGN IR T, R, X T
TR LA ILC ZREE Hh {530 e P 5 IR ) e AT S A 1 ik —
HIRAWTE

AR SCRHEE R — R 2 M B U A A8 1) JTE A 2 1LC

RGE, U A5 5 O A i i 5 v 52 B ) £ 3 e P )
A GEBREAERER WA T WEFE o 1EA5 B iR 22 A5
TE MR 5 AR IR A RER -, w05 30 M 7R X A i R 22
G5 L YT 7 R0 RT3 BT, O £ AR B A
S A BT IR SR B AR

2 jE)RE IR

— R HA B SR R M B WO A AR 2 i R
ECINY N

x,(t+1)=Ax,(t)+Bu,(t)

y.(1)=Cx, (1)

x,(0)=x, (1)
Horp,xe, (0) o, (o) A a, (0) 2390 378 RGERARZS i i
FIEEI A %, (0) A RGEHIRIRE ,A B C LR AL
MREERE, k=0,1,2, - R RERIE I 7L,
te [0, T]FRE B s T, X2 RS (1) 1
il F AR S8 B © AR BE v, (¢) RIERRERER .y,
(1) Rk

x,(t+1)=Ax,(t)+Bu (1)

y(t)=Cx, (1) (2)
Hodr,x, () A a, (0) 73 51 278 ZR G800 B B ARZS FI 0 B2
FEdlA

g T SEBAT y, (o) BORE A BRI TLC J2— B &y
Pl oo Horp i oy SR i — oy Xk

u, ()=u,(t)+I(t)e(t+1) (3)

XL () 2 I W 45 R e (1) =y,(1) -y, (1)
MRG0 e [0, T-1] o FE a8 T 24 5 04
HRZE e, (0+ 1) X U AE M BT s 4245 5 ., (0) 32F

THEIE e 2 [1-1(0) CB| <1 w50t F i3 AR
MR 2] I 2 012 s i [low, ()] =01

[0, =171, ) i i 1 1822 5 lim [le, ()] =0, e (1,
T],

SR, FER G B —UGE R R, B AL i
5 158 2055 FHAEE A5 5 204N P s et 2 52 3135 T e
AT, e RS

MITC L AR 18 Pk e S (Additive White
Gaussian Noise, AWGN) {538 B, 40 & e = T 9 i
ARG 2 Oy A B (4) (F(S) £

x,(t+1)=Ax,(t)+Blu,(t)+m, (1) ]



11 BALIY A o R E MR A A TOZR I R i AU > P R GRS 1629

Y, (1)=Cx, (1) (4)

u, ()=u,(t)+I'(t)[e,(t+1)+n,(t+1)] (5)
H,m, (o) Fom, (o) 23 50 R G5 AN B3R 2215 5
Z R EE MRS

AR G TE MRS 15| A2 TR il i i 3k A
TE AR TR ) AR G R 2 SR RE . A SO H
PRI 23 T 15 TE MR P 0 TU R A TLC R Gl SvE e 1Y
SO, A A I A (55 A PR ik SR AR

{518 fFid

W I

my(t) n(f)
[} ERE ]

e

1 Jodomfs ILC REHER

Fig.1 Diagram of wireless remote ILC systems

3 (EERREXHHIRER RS

AR SO B 1 2 R MR 2 (] A B e R
KR, R B (AR P £ 22 1555 L SR 7
RS JETT o3 A, I e an T R

L. AR m, () Fn, (0) HESNE Eln,
(Onf(1) 1= 1, ELm,(1)m](1) ] = (1) o, 1 T FA 0 4
FER S, B E[m()n (1) ]=0,E[n,(1)m;(1) ]
0,Vk,t,

H30(2) Al A

y,=Gu,+Gx,0) (6)
Hordx,(0) FR RS WPIME , y, Tl u, 535 =R &R
ge B RS A (7)) BoR

Y=y, (1) y,(2) - y ()],

u,=[u,(0) u,(1) - u,(7T-1)]" (7)

FIR ) B GG =k (8) fiis

& 0 0 -0 cA
& & o |ca’

G= 8 L) 8 0 ,G= C’A3 (8)
8r 8r1 8ro & CA'

Hrr g =CA"'B,1=1,2,---,T,
Rl , =0 (4) AT 15

yk=G(uk+mk)+éxO (9)

Hp x, R RGN WIRRA y, s, Tl m, 5y 51FR R
GEAEER k YGRS IS s A A 2 BT A
FIfEE RS, =X (10) R
Y=y, (1) y,(2) -
u,=[u(0) u(l) -
mk:[mk(o) m(1l) -

(DY,
u,(T-1)]1",
m,(T-1)]" (10)

H1=0(9) 15

Vi ¥ =G(u, +m;, ) -G(u,+m,) (11)
A5 e, =y, =y, , B1=0(11) AT HH

e, =¢-G(u, -u)-G(m,, -m,) (12)
A (5) iy ILC Iy nf ALy

u, -u,=ICe,+n,) (13)

Hrpsla M T RRouR R () X MR e, .0,
39 2 i R 2 A2 S B A e ) (5 SE R A A
X (14) PR

ro o 0
MR
0 0 - I(T-1)
e,=[e(1) e(2) - e(T)]",

n,=[n(1) n(2) - n(7)]" (14)

W13 RAK(12) , 7] 75

e, =(I-GI'e,-GI'n,-G(m,,, —-m,) (15)

f 15 22 A O MR S TE S AU Y O &R =X
(15) iR o FEBCH (FIEMR S TRy e, R (15) iy
n,om, Mm% 05 [1-Grl| <1, 00 2 e i
221 /2 lim le, =0, S8R, 38 MR 5] A Bb 23 B
i DR R WCSPERE . R I, DA R 25 L SR T
W T B AR, 2 BT (5 18 M e e S SR RE I

W30 (15) 47 R TP 29300, T 45
.. =(I-GI""e, - Y (I-GI'GIn, - Gm,,,

+ Gri (I -GI)'Gm,_ + (I - GI")"Gm,

(16)

X (16) PRI IR 1, JEEF- 5 S, T4

o o) -
2

k
(I-GI)"'e, - Y (I1-GI)'GI'n, - Gm,,,
i=0

k-1
+GIr'Y (I -GI)'Gm,; + (I - GI')'Gm,
j=0
2

(17)



1630 &

B %28 %

a0 C1S) ar g, S (17) S S A e, 5 my A

ARt TR s, 1-ar<1,
I, TR 1 (17) i (1-GD) ™ e, 15(I-GI) G,
BORIAE. LA 0 TEACHI 6, 7L T (17)
BT IF A (18)

2
E(H ek+l 2)
2
-F ‘ (I-GD)"'e,| |+E ‘
2
k-1 » 2
+E ’GFZ (I-GI)'Gm,,
i=0

2

2

Z (I - GI")'GI'n, 2]

+ E[ ‘ (I - GI')"Gm,

J c(jemaf)  as)

S R X AT B 1 i x BRAEAE x x = (ox")
A (18) (A R TT, Nk (19) fF R

Blec ) =) (2 - 61)" e[| + o7ir(G6")

+0, Z tr[(l -GIN)’GIT"G"((I - GI’)")T]

k=1

+ 0, ZO r(GI(I - GI')'GG"((I - GI')))"'T'"G")

+ U,ftr[(l ~ GI)'GG"((I - GI) ’“)T] (19)

2 (19) AT AL E (e, L) F 5 55 4 14 56
oy [(1-Gr) e, | WA R T, A
SR DT, WS TR b
W R, S5

ek+l

A, =2 ((1 -GIN)’'GIT"'G"((I - GF)/’)"’] (20)

k-1

B, =Y [GF(I ~GI')GG"((I - GF)j)TFTGT]

j=

(21)
IR R A5 TE A ) BRUICORIN T BAR,

A, F1 B, W AR TR, 1 £ e, )
BB R, e T 1 A0 BT R e 2 A | (1
GI) e, 4528 (L YRR 30 T B, 28

ek+l

sk A, Fl B, XS RER S R

B 5 A e C™ H e>0 JgfT 144 W iE %0, | =
AEAE R O SRR | || A

p(A) < |A] <p(A)+e (22)
o p(A) A [k 2. XN p=r(I-GI) <1, 1]
A B £>0,[§i5 0<A=p+e<]1, [N FELE

|(-6r)*| < ||(I—GF)HZMs/f“'*”,kzo,l,zm
(23)
T (-G ™|, 477 d,>0 1475
l(1-6r)*|,<d, |(1-Gr)™!| (24)
it (23) fal(24) 18
|(1-Gr)* zsd§,12<k*‘>,k=o,1,2--~ (25)
= (25) AT
|(1-6) " e, <& 724 Je, . k=0,1,2--
(26)
R 0<a<l, fiF A
lim |c1-Gr) "*‘e0||z =0 (27)

k
WU HT A =3 | (- 6GD)'Gr
i=0
0, flih

A,

2
ATTE ¢, >

k

zoc | (1-6ryer|;

N

k

' P2 2
< 2o |U-6D| | 6r],
k
<cd |Gr[[ Y 2" (28)
i=0

BRA,, = A, LH R 0<a<1 T L
) 2 2%
e, |Gr|[(1-2*)

A, < T (29)
HA
2 2
- - _ad|Gr],
Am:}irEAksW@o (30)
EEIRES:
. qd|6r| |6 [[(1-2)
B, < e ,(¢,>0)  (31)
1-4
HA
2 2
. =lmB, < <o (32)

[ 1-2



11 3] TN A A I R X TR Rk A 2T R R G R 1631

BERWEE BRUHT A, B, W% %Y
ST K 2 ST — A R, Ak (30) At
(32) B k. MR (19) .26 (29) Ik (31) ] 18

B el ikt st (33) i
Elle])= [(1-6r)* e+ A, 402G |+ B,
w22 |6l (33)
Rl R (27) 3 (30) 34 (32) FIs (33) 778
Eea ) B, 4t (34) B
lim £ (e, [)= 07 &, +07 B.+o? |G, (34)

B Egh i £ (e, ) 0 R S 2 HoR £
R 200 BB R A R B o o
K i B ey, [2) = 0. 102577 5 00 W 75 4
I, el ) B R 058 04— A7 L
B, M1 (34) FF R , 16U 2% () 7 56 5 Bom i
W% o i of WAL, SO, AERSE S ALY,
(% 07 A o B lim B Je, ) K, %691
3R R R R WSO RO B A
4 (HEZH

K1y TR MR R IE R E, BB
{1 2 Pk 188 I S8 S 47 R G R R A, 43 3 A X
(35) X (36) /R

-0.5 0 0 1
x,(t+1)=1] 1 -1.24 0.87 |x,(t)+| 0 |[u,

ek+l

0 0. 87 0 0
(1) +m (1) ] (35)

y.()=[2 -2.6 -2.8]x,(t)

y,(t)=5sin[8(t-1)/T] (36)

FE 7 =X (3) Fros RS WIE x, (0) Fi il i
AVME w, (1) #4780, BF[[] T=200, %23 55 T'(0)
0.2, m W EA M m, () Flom, (1) WIBER 0, 07 220
0.005, SEEG45 RN 2-4 iR,

B 2 AT TR A MR T T S S ik
P2 2] i AR AE AR B EE 30 YR, R GEATh oK fig 55 BLXT
SRR RS B BRI o T BB T R R Y B PR
FEU IR TR BEALSE B, il 3 R, A 4
AR TR (BN A2 A I BL R, RGeH R 25 1,

TWRF-J7 391 R i A 2 A QOB 3 i B i BT
TEAFAEAG IR TR B0 T, e Bl R IR AU 27
3T 2B Sl P22 1 RCFJ5 BB A ARk
TN RIRE . 7EME A J7 22379 0. 005 [ 4L
WA ERIE R 20 83

10

o & A LU o N B o ®

80 100 120 140 160 180 200
s 1)

B2 5530 YOk AR Gk Pl
Fig.2 The output at k=30

20 40 60

80 100 120 140 160 180 200
I A

20 40 60

3 530 YA ARG R 22
Fig.3  The output error at k=30

R
.
.

A
I

_@3]0-2_ "**

Lo L= AR

+ - To
Y L
e —se— T L R 2 R
5 10 15 20 25 30
IER UL

K4 RS iRE MR

Fig.4 The output error and its expectation



fig

1632

=3

VO 28 %

SR8 2 O T IR URNE Oy 2208 K R G S fE
RN , 72 A S0 A5 AR AT DR R A5 T8 e
FRITT 22RO 0. 01 FEHT % A R Ge ki iR 22 1, Yk
SO B o SRR AR N IEL 54T PR

10 I
— W
8l = FM A
6l
4l
ol
=of
=
2L
4L
-6l
83042060 80 100 120 140 160 180 200
i [F]
B 5 5530 kAt R Gk Pk
Fig.5 The output at k=30
3
2_
1_
bl
K of
eS|
&
-1t
2l
33040 60 80 100 120 140 160 180 200
s 1]
E6 5530 Wik R Gk iR 2
Fig.6  The output error at k=30
10*

*
Lo [+ AR EE Ty
o U2
— oW R
A | e Y
5 1015 20 25 30
AR EL
B7  FREhhiRE MR

Fig.7 The output error and its expectation

iP5 AT, FEIE AR5 30 YK, REA MR
REMSCS T B e , HL el W7 07 22 938 K, 5 B i
DRIZWEBTE G, anlEL 6 iz i e [ 7 W] M s
T7 22 W34 R A AT i 1R 22 1, JERCF J7 W B AR BR{E
TREN THOR . AEMEFS 7 2288 K00 0. 01 B, B2 A4
BRAGA 2 Oy 220, W] R TS 50 1 iR 22 0 B 1
BRAE o

5 4iE

TR ILC R EIR R I B4 T ILC REMT
SO PR i R G WAL IR 5 5 T L AL i f v
JIT 32 B ({5 T M S e E S T JCRE R ILC R G IR
ERPERE . 5 IEMEAS BT | A ZR G000 i 1 25 AN Bl %
FRUEL 3G IS T2, TR IS T — A BRI iR 22
(B, FLME RS 5 22 80K, 20158 25 BB K, R WM 75 X R 456
PR BE R MR A

T T R A T M R ) AR A B R 2
A T R P YOG R, AT 2 TR 3k AR A PN X i o R 2
HEAT A, R A TE A5 20 10 4 5% 25 X 2R 40 5 B
TR 25 R AT SE & OE, DT 4R R R I B ORG E
TYA AR SCAN T A TE M TS Sy 1 TR S HLEOR
FHOG B IE B0 , X A0 O B A 6 M 75 1% B0, 34 7 22
FHMIT

S 30k

[1] LiT]J,Fujimoto Y. A control system with high speed and
real time communication links [ J]. IEEE Transactions on
Industrial Electronics,2008,55(4) :1548-1557.

Zhang Y J,Wu M G. Design of wireless remote module in
X-10 intelligent home [ C] //IEEE International Confer-
ence on Industrial Technology. Hong Kong: IEEE press,
2005. 1349-1353.

Oh S,Sastry K. Distributed networked control system with
lossy links ; State estimation and stabilizing communication
control [ C] //IEEE Conference on Decision and Control.
San Diego:IEEE,2006. 1942-1947.

[4] Lin C E,Hsu C W,Li Y S. Verification of remote vehicle
control using mobile communication [ C] //Sensors for In-
dustry Conference. Houston, TX: IEEE press, 2005.

111-117.
Pan Y J,Marquez H J,Chen T W, Long S. Effects of net-



11 3]

TN A A I R X TR Rk A 2T R R G R

1633

(6]

(7]

(8]

(9]

[10]

(1]

work communications on a class of learning controlled
non-linear systems [ J]. International Journal of Systems
Science 2009 ,40(7) .757-767.

Ahn H S,Chen Y Q,Moore K L. Intermittent iterative learn-
ing control[ C] //IEEE International Conference on Control
Applications. Germany : IEEE press,2006. 832-837.

Ahn H S,Chen Y Q, Moore K L. Discrete-time intermit-
tent iterative learning control with independent data drop-
outs [ C] // Proceedings of 17th IFAC World Congress.
Korea : Elsevier press,2008. 12442-12447.

Bu X H,Hou Z S,Dong H R. Stability analysis of iterative
learning control with data dropouts [ C] //IEEE Interna-
tional Conference on Control and Automation. Christ-
church: IEEE press,2009. 1146-1151.

Bu X H, Hou Z S. Stability of iterative learning control
with data dropouts via asynchronous dynamical system
[ J]. International Journal of Automation and Computing,
2011,8(1) :29-36.

Owens D H,Liu S J. Iterative learning control ; quantifying
the effect of output noise [ J]. Control Theory and Appli-
cations,2011,5(2) :379-388.

Liu S J,Owens D H. Effect output noise in iterative learn-

ing control [ C] //17th International Federation of Automat-
ic Control. Seoul, Korea:Elsevier press,2008. 3499-3502.
Ahn H S,Moore K L,Chen Y Q. Kalman filter-augmented
iterative learning control on the iteration domain[ C] //
2006 American Control Conference. Minnesota: IEEE press,
2006. 250-255.

PR T FEME RS S R [M ] (5 ) JE st Blos i
Ji At ,2007.

EE =T

LR (1981-) 3, A T R 4 15
PHTT, LW R LT AR, 25T Ty
Tf] A JGER W 2 s il R 4
E-mail ; shuhlx@ 163. com

Jr o B(1964-) 55 AT )IAE A
VLT, BRI, LA S0, 32 2
FEIT I B AR S AP GEAE (5 5 AL PR
RERE RS,

E-mail ; yfang@ staff. shu. edu. cn





