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An improved adaptive T-S fuzzy observer for arc length observing
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Abstract: The design of the adaptive observer based on the Lyapunov method commonly requires that the system
satisfies constraints of Kalman-Yakubovitch-Popov(KYP) theorem. Therefore, by adding an auxiliary variable to relax
this constraint, this paper presents an improved adaptive observer for nonlinear systems with unknown parameters. This
method is applied to design an observer for the arc length in a gas-metal arc welding system. The arc length is effectively
estimated on condition that the distance between the welding tip to the work piece is unknown. Simulation results show the

effectiveness of this approach.

Key words: fuzzy systems; adaptive observer; arc length observing; gas metal arc welding

1 5] (Introduction)

A TR RO, IR ROR T, I R R
i (gas metal arc welding, GMAW) L 48 il A = 2L 1
A ERZ TN &3] 1 Z BN . kb
GMAW S 37 AT J7 1) a4 PR . 3 R
ANEEAI R, O TR B A A R 4 e AR K
MOKT600 AR IR 537 . fTEGMAW R ZE R 1§
L IO (R AR E 7T LASRAG BE 4 AR RO (B2 AE
LR PR R R, IO AN AT BUE I, LA
AR SCBETE — R e PRI 2% K SR TFGMAW & 4t 1)
CISISEYES

L T-SBOMIAR T (1) Ab BT 5, JEZeE R4 ] LA
oAl hy— A E MR GE, WK IR R R Bevt J7
LN B RStk R g b, SCER2~41 30 TR T
LI 25 6 4 O IOC A 2 42 ) 4. AR 4fs i A A
3 56 4 ] LIOWLI, 0000 38 43k 5 2RI, BT A AR
58 RIS AN SE A WL SCERI6TIE T UL 5 15
W SR CEN G DR, BT AR S AT AN AR
A UL g5 BT ) 7L H 2 X T-GMAW R G 9K

WA I 2010—09—01; WM& ki F131H: 2010—12—-27.
FEATH [ K [ ARRFE A P B I H (50807005).

LI 2% 52 TR U, e AT-SABE R AL 28 (1) iy 12 A2 A
S AR, BT — g0l Lyapunov/i k&
EEXTARER M R G e vk HIE N I 28 1 R E I iR
. SCHRI7VER X 5 26 58 48 5 B 2 500K S (1) T- SR
ARGt T 25T Lyapunov /7 VA WM 25, R h
RYRSARETE R RTI, 78 B & N A D A B L RAE
FHARES 22, H2 T SRR B0 2 00T 1 R K ] DL 23 i
S5 i R R B ) A SR (R R R, IR 4R
A% Z2 7] LI i Kalman- Yakubovitch-Popov(KYP) iE
B, AR A i R 22 1 B B 2 X T-GMAW &
ek, & I T-SARIAR 2R I AN AL XA G A [R] I,
B0 — I AR 2R 48, SCHR[10, 111 FH &S in 4l B A2 =
(P, BT —2R AR RGeS I 2.

AKX ETHRNMSHNAELERE K NN
T-SHEORI F ¢, 38 ik % I 4l B A% & 1 5 3, R g
LR PEI AR R DI A e v 7 VEHET BIHEL M R S
o AT R G R KY P BT R 44, m e ik
VIR 25 Y. FH 2IGMAW 2 48 1) 9K v, sz B
TSI R A 25000



1172 Pow oo 5 N H 028 %
2 a4 IR (Problem statement) Hot: PJg—NEEHRE, v > 0, U]
IS AR RS TP TPe s ﬁé B
{g'; = f(z) + g(2)0 + Bu, " 5
y=Ca, 03 hi(@)[(Aus — GC)e + Apd)]}TPe +
He:z e R, u e R, 0 € R,y c RiFHIFZIRL =1 .
PERGE(D)FPIRA S Bl « R 502 50 2 48 10 5 200 _

th, B € R™P A4HIREFE, C e RV fa th A B,
f(z) € R, g(x) € R AR AR 261 pri k.
MR SCHRL 121197V, RGEDARS BB TS A,
AT LARIA A R ARG T- SO LY.
If& is Fy and & is Fy -+ - &, is F;, Then
y = Cu,

b &R AR B, F O Sk AR 5 A
A RO, 68 Y K SRR B R B0 (), 1 =
1,2, r, r OB, 5 = 1,2, p, p AT
AR EEL, Ay € R™MFIA;, € RVVESIN T RS
(PR GERE E. aXFpAEZe Pk b B 5 ¥4, W AR LR 8 40 4%
B 250 e R H0h, AR T RETPA TS A IEL
PRI 0 ok e R HERE, O AUy vk, 19 211
BRI R G
S wi(y)(Ainz + Ainf) + Bu

i=1

y = Cu,
Hob: wi(y) = oi(y)os(y) - - - o (y) it iz
BRI 5K e vR £k, X LR AT AR AU S ey
K. X hi(y) = wi(y)/ > wi(y), MG LLk’s
i=1
H
jf = i hl(y)(Allﬂf + Ai29) + BU,
i=1 4)
y = Cu,
IEHATY haly) =1, haly) > 0. ExE RGe), Bit
i=1
LR FRBORULI 25
‘%:ihi(y)(Aili'+Ai1é)+BU+G(y—Ci). Q)
=
E Xk TEe = & — xfﬂé =0 — 0, R RMS
KO JE— WA, IAAT0 = OF
&= hi)[(An — GCe+ Aud)).  (6)
i=1
Wi e LR i) Lyapunov 24
02

V =e"Pe+ 97, (7)

TP{S h(w)(An — GO + Aud)]} + =
éhi(y){eT[(Aﬂ _GO)TP + P(Ay — GC)le} +

i hz(y)2€TPA125 + 2:/W
i=1
WKV < 0, XEREGEAD T RLW L

(Ay —GO)'P+ P(A; — GC) = —Q;, (8)

PAig - CTdZ‘, (9)
HrhQ —ANE e H M, B LR AT R L i
PR BUHR 2 1F SRR B, T S K Y PIE BRI S48 4 v 12
HK(8)(9), M4 H &N A

0=~ hi(y)yd;, (10)
=1

WAAV = — 3 hi(y)e™Qpe < 0. {712, I 25k
i=1
BEAN 7 2 G0 AR 50 S 000 1 R B Ao #8305 2 X (9) 2 E
R ZI, R AR A R BRI, I X T T-S
W RS, BOREE— AT RG0S W A KYPE H 12
WA BT CAASCHE Ny /N1, B e b — PP 14
W AR 5 10 J5 2 B THT-SIER 2R 48 (1 W 2%, JE A 22
KRBT RGESH L KB LR &1
3 HERMSEBIT-SE R R K B & N W
] 2% ¥ 71 (Design of adaptive observer for
T-S fuzzy systems with unknown parameter)
MRS (4 AT LLE H, RS E0W0 T L SR
GHH — NS, REGRSIZ B L] L
FRSENG TuRR NS0l IR S 1. T LU
RGRE RN = xy + 39, L 2, € R*E
B S S ufi RIFPIRES, g € RMES RIS
O KRS, RAE@ MRS 7 FE 0] Lo
FRIPEAS T S, B

0= 3 hiy)Anz, + Bu, (11)
=1

tg =Y hi(y)(Ainze + Ainb). (12)
=1

X EADA2) 23 BT H U T B AFDR UL 25 -
b= 3 hi(y) Andu + Bu+ Gly—Ci), (13)
=1

i=1



ERE

re T A SO IR R SIS 13 Y T- SR UL I 2% 1173

Hri: G e ROEFERIMIRE; £, 205 &
Ty, T RO, w € R4 B 1) 2 SR A2 A
W5 2.

BEAFAE AN f (1) € R, ffiff2y =
F(£)0, MzX(14)25 %

(

£+ ()6 =
hi(Y) (An f(£)0 + Apb) +w — GCF(£)6. (15)

-

:
Lw = F(£)0, 1
£ = £ b4
£ 9F0(13)(14), T LAR 3 RSG5 (4) [P 2L 1
b= hiy)(And + Aub)+
Bu+ Gly— C#) +w.

EE 1 Bkw NEESIGE S, WRAAAE
EHNH LA —GC <0 (i=1,2,-- 1) EG,
ﬂBZﬁVrﬁDTE‘Jm?)ﬂU%, WY Ze = & — oIS
bR 20 = 6 — o¥fiE i T%.

T = i hi(y)(Anz + A2ié) + Bu +
i=1

o
Il

—GO)f(t) + A (16)

A7

(G+ fONB)TCH(y - C), (18)
oo 38 A
0 =\f(t)"C"(y - Ca), (19)

f(8) = S hiw)l(Aa = GO (1) + Aal. €0)
iE #2190 A18)H, i
=1

Bu + G(y — )+f()é:

; hi(y)(And + Awnf) +

Bu+ G(y — C2) + w,
FITRAE #L AR U -5 5 (17) 2 S ).

{0 = 0, W AMRG = 6 — 0, 170 = 0. 4
AN, H

=3 —i=

hi(y)(A zl$+Az29)+G(y Cz) +

o

i=1

w — Z hl(y)(Azll' + Aige) =
i=1

N

-

—_

hi(y) (A — GO)e + éhi(y)Amé + F(1)0.
(21)
& X B A By = e — f(t)é, FExfHk G, ZiE

1=

EVCORIEE
i=¢—f(t)) - f(t)0 =

i(y)(Ain — GC)e + ;hi(y)Aigé — f()f =

b T_\‘Ms
>

hi(y) (An — GO)e + Y- ha(y) Al —

i=1

&
Il
—

hi(y)[(Ain — GO f(t) + Ai]0 =

V-1

&
I
—

hi(y)(Ain — GCO)[e — f(t)0] =

-

&
Il
—

=

hi(y)(Ail — GO)n. (22)

-
Il

1
FEE BB B4 AF T, niim e T %, X0k 9,
QEs
AfT()CTe =
—>\f ()CTC(n+ f(1)h) =
ATHCTCFH)0 — AT )CTCOn. (23)
I R AN wit— RN 5, A RS
(B IFPIRE LR LRI, A (y) = 0, WA, —
GC < 0, A ZRGL22) % T ML, FR A5 I A2 F ¢
IR, F7E7E IE £ o, B, Tl 2
t+7T
a < L F(OTCTOf(r)dr < B (24)
SIFE 1 BEp(t) € RM<PYH R Bk 8
Wi, I' € RPP AT O FR IE 2 B, 776 $la, B,
T 2
t+T
a < L o(T) T p(r)dr < B, (25)
WHEGi: = — (1) ()it 4 Rl e i3,
PRI 5R(23) ) 55 8 20 A T (#) O C f () Hopifi
ERGE. RIETIE, 0 = —fT(H)CTCf(t)0 Wik
FasE . NI, 24t — oofftt, HliBhAE &y — 0, Hrfhit
W70 — 0,e — 0.
4 GMAW £ 4 9K W il 475 B (Simulations of
arc length observing in GMAW System)
1EA T B R RO R/ANTE BL T, GMAW & 4t

RIR A IR TT LAAT IRP-7 6 A AT L s P R R R
IRUE ) R GRS TR R

(. Cizg+ Copa3(CT — 1)
1 — ﬂ_rgv — Ymy
x.z _ u — [Ra + Rs + p(CT - ZL‘l)]ZL'Q . (26)
L
U() — Ea$1
\ Ly ’
Horfr: x1 Mays) 3 ) 2 7 DI R 2 LV, CLMCy &

‘?}&F%i‘a‘ﬂﬁ'f LR BL R AR TRAT RINH AL, pit



1174 BoW o s N A

BT A BE I L PR, v A 325 22 SRS, wos HE YR FL
CTRIFF R TAFMIRE S, Ut il T 4L, B0
HLIHLI7 30 S, R O BH, ROFI L 27 HL YR 1)
R JERT H FH.

DAL A R g A2 W 1Y, P DA $o /E I GMAW
2501 Hy, I8 AW i, 1 B K e ZME, 7] BL3R
FFGMAW Z G ) T-SHLRI Y.

Lroitifim < g < M, Hn < 23 < N, ik
RENZHO = OT, I AT-SHRIFAL T

If 2 is M and x3 is N, Then

Tyl [ alN a; T n
jjg N Qo +02M as T
-le 0 €1
9 .
dgM * b vt €9 ’
If 5 is M and 3 is n, Then
[1‘1] _ cin a1] X +
To (03] +CQM as To
[ din 0 el
9 .
dQM] Tl e
If 5 is m and 23 is N, Then
.@1 o [ ClN aq I +
Ty N as + com ag To
[d,N 0 e
0 ;
dgm] + b ur ()
If 25 is m and 3 is n, Then
[wll _ cn a1] T n
To as + Ccom asg I
—dln €1
0
dgm + b ut €9
o
Cl a
Q= —, Qy = ——
1 WT?V’ 2 sz
. __Gp _p
1 Tgva 2 LS7
Cap 14 1
dy = =—,b=—
1 7['7”3,7 2 st Ls,
Uy
€1 = — Uy, €2 = ——.
S5 1~ A S5 IR R I P 558 e 52 v 25 23 )
()= Ly "
w
1y M—-—mN —n’
)= L Ny
w
N VT A

o 28
y—m N —y?
w?’(y):M—mN—n’
M—y N -y
w4(y):M mN—n"
HAKIZH% E N

C) = 2.8855 x 107 m?/A,

Cy =522 x 10719 m?/(A%Q)),

E, =1500V/m, Uy =15.7V,

R, =0.022Q, R, = 0.001 9,

Ly =0.35x10"%h, p = 0.2821Q/m,
ry = 0.00lm, v, =0.1m/s.

BRI 4 ik i A GMAW AR 3 R GE ) L R 22— &R
IRk 5, WA HIE SRR E S 4
. AT LB b B OO 23 N ] BIGMAW &R 48
IR I . 4

z(0) = [0.002 0]F, N = M?,
M =700, n=0, m=0.
WIS, RILTA IT RGN A R IEE R 7
SEHS, A T R W, 1
G =10,0]", A = 10.
Ll a1 ~4 R,

38 T T

361 E
34
32

ulV

30

28

26 1

0.0 UI.I U.I2 0.3
tls

1 N R
Fig. 1 Input voltage u

¢ X10°

x,/m
(3%

or — b ]
------ filit i

0.0 0.1 0.2 0.3
tls
2 YKo S HOUMIE

Fig. 2 Arc length 2 and its estimation



%8 e P A At P IS 3 I T- SO AL 2 1175

1
2.5 X10

201 4

IR PR %E / m

0.0

0.0 0.1 0.2 0.3
tls
Kl 3 IRl TR 2

Fig. 3 Estimation error of the arc length

0.05 T T

CT/m

0.01F — S:fRf
------ fliiHi
0.000.0 0'. 1 0.|2 0.3
tls
K 4 RKamsHoT kA THE

Fig. 4 Unknown parameter C'T" and its estimation

K145 T GMAW & 46 (1) F8 22 ik o 2 X g
5. E2ANE 3R IR T 5K S B AR A Ak TR 1) i )3
PSR 22, W ALE0.05 sl TH (B W] LA T-SE B,
WeSICH R PR, 445 Y T R EN S ECT IR S5 BB A Ak
R A o N 28, mT DA BT e v ORI 2w DA S B
SR HN 2 ZOHEAT A AL TH RO, 72015 sk,
ZHORAE T AR, AHJE BT I 2 48R ] DL
HOSRAF AR EN S HL, LI I A R UL,

5 %58 (Conclusions)

KIS R A RSB RS RG vt 7 —
I I ASOR W00 s, 0 I T - SAROR AR 2R 1) Ak B 7
15, BARLME RGO — A& RN A S, IR E

%%Jiﬁﬁ?\%ﬂﬂ%ﬂ’%ﬁﬁ’](ﬁﬂﬂ"%% IR,
S I B A B TR, Bt T RN 24 LK YP

SE PR & SR . 3 BT ) G IR
AL DU I % 22 A0 2 B0 o iR 22 I WSO . Re
SXTfOUL I 5 K BEVE 51k N Y BIGMAW & 4t () H 5
K I . B AT R, RS HCT KA
I, 73R T AR AT O SRAF I AL .

£ % C#k(References):

[1] TAKAGI T, SUGENO M. Fuzzy identification of systems and its ap-
plications to modeling and control[J]. IEEE Transactions on Systems,

Man and Cybernrtics, 1985, 15(1): 116 — 132.

[2] NGUANG S K, SHI P. Fuzzy output feedback control design for non-
linear systems: An LMI approach[J]. IEEE Transactions on Fuzzy
Systems, 2003, 11(3): 331 — 340.

[3] TONG S C, LI H H. Observer-based robust fuzzy control of nonlin-
ear systems with parametric uncertainties[J]. Fuzzy Sets and Systems,
2002, 131(2): 165 — 184.

[4] F5EN, MR AL, JE TR 23 BN E T-S BOW) R 40 & B BUET]
P 5N, 2010, 27(5): 627-630.

(QI Li, YANG Junyou. Observer-based robust stabilization of un-
certain T-S fuzzy systems[J]. Control Theory & Applications, 2010,
27(5): 627 - 630.)

[S] YONEYAMA J. H, filtering for fuzzy systems with immeasurable
premise variable: An uncertain system approach [J]. Fuzzy Sets and
Systems, 2009, 160(12): 1738 — 1748.

[6] YONEYAMA J. H.. output feedback control for fuzzy systems with
immeasurable premise variables: Discrete-time case[J]. Applied Soft
Computing, 2008, 8(2): 949 — 958.

[7] PARKC W, CHO Y W. T-S model based indirect adaptive fuzzy con-
trol using online parameter estimation[J]. /[EEE Transactions on Sys-
tems, Man and Cybernetics, Part B, Cybernetics, 2004, 34(6): 2293
—2302.

[8] MARINO R, SANTOSUOSSO G L, TOMEI P. Robust adaptive ob-
servers for nonlinear systems with bounded disturbances[J]. IEEE
Transactions on Automatic Control, 2001, 45(6): 967 —972.

[9] JONGCHUL J, KUNSOO H, FATHY H K, et al. Optimal robust
adaptive observer design for a class of nonlinear systems via an ap-
proach[C] //Proceedigngs of the American Control Conference. New
York: IEEE, 2006: 3637 — 3642.

[10] ZHANG Q H. Adaptive observer for multiple-input-multiple-output
(MIMO) linear time-varying systems[J]. IEEE Transactions on Auto-
matic Control, 2004, 47(3): 525 — 529.

[11] XU A P, ZHANG Q H. Nonlinear system fault diagnosis based on
adaptive estimation[J]. Automatica, 2004, 40(7): 1181 — 1193.

[12] TANAKA K, WANG H O. Fuzzy Control Systems Design and Anal-
ysis: a Linear Matrix Inequality Approach[M]. New York: Wiley,
2001.

[13] ANDERSON B D, BITMEAD R R, JOHNSON C R, et al. Stability of
Adaptive Systems: Passivity and Averaging Analysis[M]. Cambridge:
MIT Press, 1986.

[14] ABDELRAHMAN M. Feedback linearization control of current and
arc length in GMAW systems|[C] //Proceedings of the American Con-
trol Conference. New York: IEEE, 1998: 1757 — 1761.

[15] THOMSEN J S. Feedback linearization based arc length control for
gas metal arc weelding [C] //Proceedings of the American Control
Conference. New York: IEEE, 2005: 3568 — 3573.

e A

W (1983—), U, LT, H ol RIS 1 ARt
Pt B 4% ), E-mail: gaozhe2 @yahoo.cn;

B (1962—), tC, b, BoR, LA S0, H AT SRRy
I 2 0 BE A5 ] 38 B4 | RE U AL 44 1
@bit.edu.cn;

WM (1977—), B, WL, LA 500, H 73 2257 T
HL ) B AR A | A B AR 4 LS, E-mail: shadeshang @bit.

edu.cn.

, E-mail: liaoxiaozhong



