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ABSTRACT

Keywords special class of Lipchitz nonlinear systems where the disturbances and faults are assumed
to be coupled with the main system states. In the considered model of system, fault is
Robust Fault Estimation, assumed to enter both of the state and output equations as an unmeasured nonlinear
Luenberger Observer, function and coupled with the states. The disturbances and the uncertainties are
considered as nonlinear functions coupled with the states. To the best of the authors’
knowledge these conditions have not been previously considered in related papers. In the
proposed approach, a Luenberger observer is designed for the estimation of faults and
states of system simultaneously. The effect of system disturbances is attenuated with the
L, norm. The necessary conditions for the existence of such observer is expressed in the
form of Linear Matrix Inequality. The Lipchitz constant of the nonlinear function is
obtained by solving the proposed Linear Matrix Inequality. Finally, the performance of
the proposed method is simulated on a three-phase induction motor. The results indicate
good performance of the proposed method.

_ In this paper an observer-based robust fault estimation scheme is proposed for a

Linear Matrix Inequality,

Lipschitz Nonlinear
Systems.


https://dorl.net/dor/20.1001.1.23223146.1399.7.2.8.2

e Sl 51 3 sl S5 (b sl s psle e
Ok sl o m s el

doddo —)

Ol 53 [V iyl Slojes ol ke r e sla s cows glalis 5 (5L IKET 5 550 (sla s, Ol 3

3 5T b Aol o ggie [¥ 5 Y] s 513555 5 (6345 b Cogmn 51 b Sy (b Wby (e sla s
Iy Cilien lane 5 54 pammin O ) guots Ll g 457 ol Laouile S 1 (514 gormn L 55 ¢ S5y e ( FDD) e Ll
3 om0 Sl unlad pe s Lgﬁfe)'l.ul Sy g s lil slag)s 4 Cand b baoklile U ol puimman LS Slulls 5 ,KaT
I n 53 5 b o SIS &y i 457 3L 42303 5 ) U5 L pslhe s e 65 A5l 5l e 5
(5 et ki s e 515 Oy ot gnio ol T 3 ST 5 b 1] il el e liil UK 4 Cn

el oks o5 S (6ol 4 ot (o s

Sl 4 st o St sl Gla IS Ol 53 |y ol 4 5 i (e 8 lapte 3 gladle o

S Liledd e3ls ol s St 3l ol WIS ol ey 2 FDE la sy 51 ool [# 0] sl o3 S
pstie a3y (b p gme FDI Jilaw 55 sl 035 pslie gy g0 FDI a3y & (o1 b 53 b Hlle o 56855 )
o ) ol 055 aidiy 5 0l B IS (535 p s Lil o835 1 Commlm 0557 4008 o ooty (1 ,b 05 505
b ot S o (3L JSCtn b bl gl g5 amn g IS ) ol Oola 1355 oo Gy 6 UK o) 8395

H_
[Q%)V]Jﬂggjj)bﬂfw‘bub L;LALQJ}J)

Eye J.i:ij) 51« DC-DC Juws wile égjjzﬁl IR L;LAW 3 e e g Gl KT [ shie 4 V0] s

A1) o3 o a3 & L s oLsbpar 5 a5 Sy pon 53 A 5 o et a3 el oS ealinl 333
M[a],;.@umnm\ﬁ;)f\,b;\LML;;ﬁ\)g;,_fla%.u.L;\)ngﬁuW);%@u)mTum
e 4y (oS 28 b ot 5l 53 el ods w3 S ks Sl Lods ST Lzl L s 8
A sge Sy SUY] 55 A8 o G Gillas Lyl 5 > LEsBl oS 35 a5 e 13315 oo e 5> L]
b s e 5 3L SAT ol Bl w5 e 5 (o sl Sl b i e 2 bt ¢l (FSMO)
Ygone ol ok 43,5 5 53 0t 63555 31 ol Dot s OT 53 o8 el ) 5 S o) S gdone ol ok
ugﬂ_alz;(.x;)'\%J.alfo.s;u;,‘@jyﬁ);.@gau csuwsuuusbjug,ﬁuc.\p QIS e
2 Gemen [VF 57 55 S s 655 2 15 LOT 3 Hoogla S 55 51 ealinal b 015 oo Ll 03,8 i &30 S sl
Sesliml b i (o 12 Glagtacw sl o lipd por D) 50n; S 58S a e pslin as 5 (5L, KT (F]
aadllan 3 gyl O3y (Sanlad pude (11 e 5 4Bl sl (lanlad pude (1 Il ¢ ikl 5 354 5 5e sla S5,
5 S e ad gt [10] 3 ol 0 43 8 55 5 0diph par Do) g0t e 0l 53 3 g0 e Sl 8513

Cspoty Ca skl 53 Ll ki (ol b (B se S5 i st b (Slaptee Sl (ool S (11 &S e

! Fault Detection and Isolation
2 Sliding Mode Observer

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



e Sl 51 3 sl S5 (b sl o pslle e

\'
Ok sl o m s el

JMHOO Jjgl.q&bu}:ﬁdj)fu&w‘}|ﬁj.b‘odﬁwjfjbjséjbQ)ﬂ%h&%‘b\‘?}}ba\;ﬁ@?

ol 0l

S Sl Jlmjys ol Lsd Azéjfjkjp ok b moxr D) o4 (e )3 5 g0 2 g cé}be:b)}b@%{}w
OT 53 48t olaptnns & Jloel B g5 FDI la 555 ST it (oo ol b ok |87 0o 31 (S5l
L s e OT 5368 Gla iy dlaz 1 s n o0l (tolad o art bl 5 Sl oo e b 5 0lipdh e &) oty 58
ol Hl s 5 5 oL [V0] 4 O 55 o0 el 0l o3ls isled Il (glias DY slas s Lg}:fojl.u\‘}il.;}:b b= 8 b
L;u;.w;t@fu&f‘w\4;,43Wéu@,ﬁ,@w@Le;:«sj;;ucu.wuuog&,,&@u@}:M
5 63LsSET ) glatens canlsl )3 blad oo 3505 1y (U S homy e o 0350 53 45 AL o 5 s (55 03101 L
BN & S o e ) 53 87 el S 0¥ el 0 slgiy e b5 613 S el 5085 6K e pniS
«Jm‘;mé}ﬂbwL;\ﬁji,,)sfu%@u.@jwuj&ﬂ[\v]);.w\amaf,z;);MJA
auogw|w\)wggu@,,“@,f~@Jazssguxa@{ubysﬂ%‘,,{iﬁuuﬁﬁ.@\afﬂg
&ﬁ;w@ﬁ;,:;L;,-uuﬂL;;u,&,:T[\A],g.g;.ﬂlomemﬁue,u}zc?,#@uJu}:ﬁm,%,
S a b S s b b b g 6 e e 5 i ol 3 sl 4515 aalllas 350 ¢S e s (gl Laih
P IS S s S5y Sl e e s SN ] s el oks 43 S i s sl g e L2 (S35,
d:tuprn)dbagw\jg}f;)wo)}.pqulaéﬁbwdlﬁxalﬁ.;mlo&;%&fdhwj\
.c,.ﬂu,uﬂaﬁ,ﬁ;pa,u,.:@?éup;wlg,(@;fovm,;ﬁ,uu
ol o 4y ¢ o b (Slaptens I ot ST sl p cpslie gbae 3 S0a,5 L AT Sl pl p ae Bagn cpl 3
JBb e 8 2500 (55 058 (b e e Gl sl K85 (e Gl Leds S e 5 L AL
P e 33 e e Wl 0dd )1y s 5 Sl SVl 3 (palan o b mb S S0 4 L &S o5l
oy g b ELEZEL 51 ¢ il 0 b o e sl 8 e K, oSG Il yls 13 50 b gls iLaze!
el 0 Ol (! LMI)uksw;uwuuwg;aL;ﬁ%;,ﬁ;,?,st“ﬂa_\,;.@umq@ Lye;
oS Sl B i) Bads e Sl o g an Aol s Sl L il il 5 D g 4 Al ol 5l L
Sl Y Ll h sl ok Cameds L p 55 Jos 5 s 53 552 50 Sla SLiE] 1l 0l slgiiy s 5 bl Olejon
o )50 S (oolgriny r—’i)}i'” 3 has gy s te 4 Byl 5 ol 0k Oy LM alis i (6 S35 i 575

.c_..ﬂlau\.:Asbtgg.u,@?,ﬂu:sw;)@uu@u@;u
ol DN a0 85 9 b UL -

S 53 1 5 s s Sl SVslae b Copne (o i

1 Linear Matrix Inequality

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 AR Oliass 5 5l ¥ o5led OV 0y 9305 (gmkige )5 b b sladlele 4,45



e Sl 51 3 sl S5 (b sl s psle e

Oy sl 5 ) splell A
X =Ax+ Bu+ M,(x,a) + Dp(x,u,t)
y =Cx+ M,(x,a) M

I @ € RY a2 J 257 (6355 5 s 5 bl 5 j4U € R™ 57 € RP ox € R™ YL S¥lae 5
e a5 8 (laaaseiia 0ol Ol gl S My (x,a) s My(x,a) BlF Seledd 55 Sl (g)lae &S il o s
LBl Ll e oS el w36 639,5 (X1, 0) € R U dimen (6,8 5100 65 Lol ot a b (Wloks Joke
oS e ) Con 0358 oo alam Mo 457 48 Ole 3L s (6 20l 5 (laalad pute b ok Juke (sl s ¢ )
0o IS ol 6l 055 Wle cpl ol S 500 Ko 5l ealinal Lo (2, U, 1) 4Ll (63555 5 g 3 A e S
Bl ) Dot dle Sls 3ol slis Jo Yoy s 2 )

it s 53k 25 e XS o My (X, @) s My (X, 0) o o wls ) 5

M, (x,a) = F,a + M, ,(x,a)
M,(x,a) = F,a+ M, ,(x,a) M

s (5l ol bl § Sl sla s jLE, € RPXY G € R™T (YU dslas s
it ot d My (X,0) 5 My(X,0) ot wl 5 Y 55
Tl Ol Sl Joe (e 53 3 g 30 e 5 5
b e Mgt 25 SR i (1l 03 8 i s b
X =A% + Bu+F,a + My,(%,@) + Ly 1€,

a = L1_2€y

9= CR+F,a+ M,,(2,a) + Lye, )

N+q i ol s SojyasmdS ssbars Cwley =y =PI 5l y 50 X ds P 58 K L SYolas s
mw);ﬁgsuﬁ;%cms@u\g)mﬁjdmat);&smi;.ug@;f,jytwgfj\s@t
.uU)‘.)J}?})JJA6;0}\&‘%}d;fr.ﬁ%‘);JAW)J;iJL_s.;)l.'.p‘\.:.J)\JJ}?}@}#‘OJ\*A)JV.A)&)})}
wils (5,8 o3Il e 51 Gl S5 cpeins sl 53 0T 03,5 )5 b ol U 3 S 8Ll (s 5 53 5 Ly o, e
d‘i{.:al;l:jex=x—5C\jea=a—aQ)Fde—j%w&é’éw.ﬁﬁw&b()TJ:gL:-\)V.:J‘_,:{)ﬁ.Zl{
b SN 5 S se 4 el

6y =X —X

é,=a—a

T o S 4 15 oy 3 4 e et (sl Y SYsle 3 e 5 bl Sl s (5,1 U

ey=y—y=y—CX—FEad—M,,(%a) — Lye,
=Cx+FEa+ M,,(x,a) — CX — E,a— M, ,(X,a) — Le,

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



e Sl 51 3 sl S5 (b sl o pslle e
Ok sl o m s el

-1 X A
ey = (I +L:) (1€ B[ |+My2(x0)—M,,(2,0)
51 a5, le ol 00438l s Sl SV olse

A=mnr’x = ['3 Fé‘] [z] + [Mx'z(()x’ a)] + [g] u+ [g] o(x,u,t)

X=Ax+ [M"'Z(()x' a)] + [lg] u+ [g] o(x,u,t)
+L1.1ey; = A X + [Mx’z(()f’ d)] + [lg] u+ [g] o(x,u,t)

+L11((I, + LZ)_I([C £ [z] +x =A%+ [Mx,z(()f' d)] + [g] u+ [g] o(x,u,t)
My,z (x, a)_My,Z (x,a))

e=Xx-—

&

¢ = (A = Ly(Iy + L) A;) e + Lo(M(®) — M(®)) + Dop(x,u, )

é = Age + Lo(M(x) — M(x)) + Dop(x,u, t) )

L A ) S 4w Sl YU el s

Mx,Z(xra)
L I I
M, ,(x,a
Li1] 7 _[A F T
=M A=) 5 a=1c A
D=[0] Ao=Ci-Liled)  Le=(+L) Lo=I[htg —Lili]

ST 03yT ) ) dal g el i I M) ot b alas S Sl ol 5
1M () — M)l < vllxg — x| ©)

P U L) Mo Hoo 545 (655b & Cool e IS raded Soln o 33 (0 i 8 o g 2l 0 S0 55 b s
P 3 gdoa > 0 ale (6 el Jau g (€4) s pei (sllast 4 0kt Sk (slaeSialys b ilael S 4y L gy e

Dk 5 5 e 4 g(1) b S S
e
g =H [eZ]

303 1) skl oS Sl asmpled (b e Lo H

C[Hy 0
H‘h m]

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 AR Oliass 5 5l ¥ o5led OV 0y 9305 (gmkige )5 b b sladlele 4,45



e Sl 51 3 sl S5 (b sl s psle e

\.
Ok sl o m s el

35 5l oloen o)y AT Gl ot b et slast Sliys o Cl 61 657 0 B g0 b ol

AL 18 S dal b b BLasEl BT Cunds ) slatess

llgll3 < u?lioll3
s o b 25 (5 atgy i Geied SoB (5l s STl ST 3 lazi 31 Candad  ste
il sy sV 3P >0 sl wsl30>0,a>0&>00<A<1 Wl b sl JISKul 31 iduiad
Slome Do U 0,4 05,5 a8 5V U BB it o 058 4t b Ol (1-1) e Sl as (sl

AEL Bl o ) codous s Lz (g5l atp LM s ST 0555 Ity

/anai%[)l(a +¢&)+ (1-21)0]

subject to
[¢ PB Plﬁ _YLx In+q
* =0l 0 0 0
* * _51n+q 0 0 <0
* * * —& p 0
L« . x =l *)

v\aloMuiﬁx)Q)y44[.&_,&‘)\{4(?)41@\)))

— — — — -1
®=4,P+PA ~YLA; —A; LY +H'H PL =Y L.=(I,+L,)

T o S 4 25 Sy g 4 eyl 358 o VL (Gl alis 8 Sl

p* = min(p) = V6 " = min(¢) a* = min(a)
1 -1
y* = max(y) = L,=PY
are*

T dal s Cwd 5 S geo 0 e (Sl (F) bl Gollas 1L

é= (/Tl —L(L, + LZ)_lffg) e+ L,(M(x)— M)+ Do(x,u,t)

r'f._}:?@jb‘)bbﬁ.)df\igcu‘4?'45&‘)33)"}‘04'“4’;5’\:‘;"'3)}1""‘b
V(e(t)) =eT(t)Pe(t), P=PT >0 V)

Ry R TR R PP R RS P AW &b i

. de de
V(e(t)) = (E)TPe + eTPE \)

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



e Sl 51 3 sl S5 (b sl o pslle e

" Oty sl s el

V(e®) = (A — Ly(ly + L) A3) e + Lo(M(®) — M(Z)) + Dop(x, u, )" Pe
+eTP((Ay — Ly(l + L) A3) e + Lo(M(®) — M(R)) + Dop(x, 1, £))

feS oo ey Ojgon ], Ag
AO = (Al - Ll(lp + Lz)_lg:;)

V(e(®)) = ((Ap)e + Lo(M(x) — M(X)) + Do(x,u,t))"Pe + eTP((Ag)e + L,(M(x) — M (%))
+ Do(x,u,t))

s ) bl Laled
. _ . T _ . _
V =eT(ALP + PAy)e + (LO(M(JE) - M(JE))) Pe + e"PL,(M(%) — M(Z)) + 2¢"PDop(x,u, t)
M) - M@ <yllx—xll =IME&E) -M@X|*<y?e el
WA el ) sl 4 a5 L
1
XTY +YTX < ;XTX + eYTY
Y 2 M(x) — M(X)
X2 [TPe
eTPL,(ME) - M®) + (M®) - M(®))' L,"Pe <
1 T _ _ T, — _ N
E(LOTPe) (L,"Pe) + e(M(x) — M(x)) (M%) — M(%)) =
1 T T T TS T2 1 T T T 2,T
- (L, Pe) (L, Pe)+ellM(x) — M()||* < . (L, Pe) (L, Pe) + ey?e elniq
_ _ _ R 1
eTPL,(M(x) - M%) + (M(%) - M(J‘C))TLOTPe < -e"PL,L,"Pe + ey’e"el,,,
&
15 eal g (A) dslas 3 sl o) SN

; T (4T 1 T 2 TphH
V<e A0P+PA0+€PL0LO P+ ey®lyiq)e+ 2e PDo(x,u,t)

90 =[] i=[o ]

oS o S 5 ey J () w6 VL dalsy 55 s L Ul
J@©) =V(e®)+ g"(®)g®) — 1?ox,u, ) p(x,u,t)

sl r.:al?

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 AR Oliass 5 5l ¥ o5led OV 0y 9305 (gmkige )5 b b sladlele 4,45



e Sl 51 3 sl S5 (b sl s psle e

Oty sl s el A

t) <eT[ATP + PA +1PLLTP+ 2; +HTH)e+2eTPD t) — u? 7T t
J(@) <e' (A ot ZPLol, &Y lniq e+2e PDo(x,u,t) — p*o(x,u,t) o(x,u,t)
S e N 5 Dose 4l il e e
1

a=— = y=

5 and u:= NG
&y

1
Vae

13 plpls 3 sad eslizwl M@ + &) + (1 - DO g.bugf?fjdjbwj\o\j@e Gl S 5V (Gl adis  sbateas

T T 1 T -1 T Top
JO <e (AOP +PAg + = PLoLe P+ a g + H H) e +2e"PDo(x,u, t)
—0p(x,u, ) o(x,u,t)

1 _
T1ATP + PA, + EPLOLOTP +a 'Upq+H'H PD

DTp —ol, [(P(x’eu. t)]

J®) = [(p(x.e w, t)]

31 5 el Sl ST (8) S 0 Sl

ATP 4+ PA, + lPL L'P+atl,, +H'H PD
0 0 c o™o n+q
DTP —01,

3,8 e $3b 25 Dose 4 0l5 o 1y YL eyl

T T ) — -
[A0P+1i/Tlo +H"™H PD ]+ [g PLoL,"P + a sy O] <0
DTP -0l 0 0

<0

A€P+11A0+HTH PD _[PLO 1n+q“_g 0 —I[PLO 1n+q]r
DTp -01, 0 0 0 -« 0 0

1Ldg 5 Sose 405 e LY el Hsh Ja e s L

ATP+ PAy+HTH PD PL, Intq

* —91q 0 0 <0 @
* * —e&lp 0
* * * _a1n+q

PAy = P(A; — LL,A3) = PA; — PL L, A; = PA; — YL, A,
PL, = P[ln+q —LiLy] = [Plnrq —YLy]

oot g 4y 4 (1) dilae s Lty b

® PD Pl YLy Inig

[* —Olpyg O O 0 ]

| « * —el,, 0 0 [<o0

| * * * 1 —& 0 |

l* * * * _aln+q J )

® =4, P+PA —YLA;— A, LY + H'H

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



e Sl 51 3 sl S5 (b sl o pslle e

hl Oty sl s el

L g btz 1 Cannds b il i gl 5358 o J(8) S 0 o&KT sl 55, () oty 148" 5505 235 i,
P pde Sl 50k B
Sl ol (DS b G a3l (68 UL

V(e(®)) = V(e() +llgll3 —ollell3 <0
il poal gt e sl 5 il sl (s i adsl Jaal 5 5 S i s L

e, (0) =e,(0) =0 = V(e(0)) =0

V(e()) = eT(0)Pe(0) > 0
s r.:n\‘y- olal
lgllz < 6llell3

(W)JouL&QJBs_‘:.GMLg‘fjif\f‘j)&_b‘jw)MJ)J?}ALMlQ)}J&J;G&‘jrj‘y.]a{_‘fl\4>=::;

[¥e] sl m.uu,e,;é;.;@a(A,Fx,C,Fy)J;_;jmpﬁ;\i)&;T,\ip(A,O5@1&1

S 3lwdaas =Y
JJ}AJU&S}‘)}&))&L&“)}'}A&JD‘Jdl:-\{aﬁ‘h;%ﬁxﬁ)}&J%gﬁjJ&wad‘)é

JIJ;.A..}.:,@uI:JLi:.quOalja.bt-fulémabcuﬁJIJijQ‘ﬁ:wc;.\:ﬁﬁlfUJ@:m:ﬁf@j}db_u\

‘u.b\}:@dqo o‘}ﬂzuu)édm‘)}:}ﬁd)ud#&ﬁ@cb\bd&b‘(]jd)}m):M@Lﬁ‘)ﬁ}ﬁ)bﬁ&d&yﬂxﬁu@

N ] 52 4 55Oy 0e

AL 25 D50 4 Sl g e 93 QD C 5B s 53 s (63555 55 S S (0 5

Vas = Vi cos(wt)

21
Vps = Vpcos(wt — ?)
21
Ves = Vpcos(wt + ?) (QRD)

.rgwwjjb’dqoa‘}&JbgG)J\JL&jL‘;‘jJLJJﬂ,@w}QJB

i 2T 2T 7
cosd cos(@ +—) cos(@——)
v 3 3 v
q 2 27 2T as
Va| = z|sin(f) sin(0 +—=) sin(@ ——)||Vbs
Vo 3 3 3 Ucs
1 1 1
L 2 2 2

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 AR Oliass 5 5l ¥ o5led OV 0y 9305 (gmkige )5 b b sladlele 4,45



e Sl 51 3 sl S5 (b sl s psle e

Oty sl s el V¥
t
0 = f w(&)d¢E + 6(0) \Y)
0
Wsd o Ol 25 s b 2 W 550 Lo e 5 0L 2 Lol omen
da
dds = Vg5 — Ts(R1das — Rz Aar)
t
da
d_ZS = Vgs — Ts(R1dgs — R2Agy)
da
dzr = —1(RsAgr — RoAys) + wrAgr
ddq
d_tr = —1(R3Adqr — RoAgs) — wr/lqr
dw,

1
dt = Y(Te - Bwr —Tp)

g e A 5Oy 4 SO 5kiS s Ry s Ry Ry ols Canslie YU Ll o

l l I
Ry, = . 7 R, = Lz Ry=——"— T, = _Zp(/ldsiqs - Aqsids)
Ll — L, Ll — Ly, LI —1, 4

sl Cangliny 575 b sliE Ty s 6l 5 5505 o sml Olan ] 590 55 352 30 (gla Cab sl 1 Zpy VU dslas 5>
et Sl 5 559y o S 9L 5 5555 ) Sl GubS sl Sl sl ds 55
Wl odd (a8 2 ) 50 4 e S )l
=17, 1=10, l,=015 [,=03, [,=01, /=05 z,=2 T,=0, B=0.001
1y s e slb b a s QW) g se algs 015 (e YU SVslae 35 i s
X =Ax + Bu+ G(x)
sk R 5 s b Sl g Sl s i

x=[Ags Aas Aqr Aar @r Q]T

_Rle O Rst 0 0 0
0 —R4 R 0  R,R 0 0
4= RR; 0 —R3R, O 0 0 B:[1 0 00 O O]T

0 0 0 0 -8/ OJ
0 0 0 0 1 0
0

0

X5Xy

G(x)=| —Xsx3

1

—(T, - T,
]( D)

L0

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



e Sl 51 3 sl S5 (b sl o pslle e

10 Oty sl s el

Q‘Y:bucks.ajjjjw}).adbla:»\j;;)yquib’:;&\W})}Jj)wﬁ|Qw)\m):ﬁﬁa)yq%p‘;;é;#):l{
0 g B0k ) SO w0l )

X =Ax + Bu+ M(x,a) + Do(x,u,t)

[~RiRs 0 RRy 0 0 0 ' g
I 0 —R,Ry, 0  RR, 0 OI XsXs
R,R 0 —RyR, O 0 0 _
A= "2t 3% M(x,a) = X5X3
| 0 RR, 0 —RsR, 0 o| Car=|
0 0 0 0 -B/] 0O ]Ta (T, —T)
L o 0 0 0 1 ol _ 0

p(x,u,t) =k * vy,
Ll ods (a2 Doy (b SL 3 e Gl e Sl e e DU 1) (93555 S5 53 (Jolel w5 K
F,=[0 0 o o 1] E,=[0 0 o]

Ly=2xI, Le=(l,+L;)" @(x,u,t) = 001 Vg

LMI o bl @ = 0+ 1 05T aials 3 Sl o381 GUIE = 10 0Le3 B E = 6 53 s 45 Sl 0k 33 (S5l a5
AT gaodalin 5 sl S 3 1) (5l il imen 5 AuT (0 s 4 5 S s 4 e Sl sl b s e

[ = 0.0087 Y = 0.6242

stator current in q
i + estimation of stator current in q

S MWW‘

4 4.2 4.4 4
t

2L 09N (W g3 g0 30 OT et 9 q B 10 Hgilw! Vb o ) K&

y . stator current in d
H ﬁ - estimation of stator current in d
5 :
@ 0
il (FEVEET Y
4.3 4.4 4.5 4.6 4.7 4.8
t

2L 0N (2B Hgige 30 O (paesdd 9 d 36 13 skl b o ¥ &

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 AR Oliass 5 5l ¥ o5led OV 0y 9305 (gmkige )5 b b sladlele 4,45



e Sl 51 3 sl S5 (b sl s psle e
Ok sl o m s el

\F

1500

—actual w,

— estimate of w,

1000 - 7
£
o
=
H
500

0 Il Il 1 Il Il 1 Il
0 2 4 6 8 10 12 14 16 18 20

OT oot § W Hgig0 (ST 4915 o g I JCH

T T 1
=—actual Te
=—estimate of Te|-|

OT (onosd 9 W 59790 _qumbliog I Holids™ & I

0.12

T T
=actual fault
0.1 =—estimate of fault|-

0.08
0.06 - 1

0.04 - 1

0.02 - k 1

0 2 4 6 8 10 12 14 16 18 20

PUIEN 5985 b i 90 OT (a055 9 (A9 a0 D
df-gu;u;;\;lw,e.u;u;M&}sgwﬁ%@j‘w\u@uupﬁﬁ,yau
355 ol SMie 4 ol 5 Ll ol 03] et (05 4 e 33 8 5 AT 325 b e ST sl 0d CnsS
,\_uup_;,m%;\,\;)Quja,\”“@mﬁ%@;}r_,a;MJ;u;,,gJéﬂl,}ufﬁ@t@;s..u\a.\‘:\ﬁw
gy oS das o 0L el oyl 5 ol 3 50 SlST S (5l s 53 @olgiig ﬁ)}g‘ el Sl s Al

G

ezt ool 0 gty st 1 Slagtens Sl ool IS (Gl y s et skt 4 pslie S5, oSG lis 5

e el 0 43 8 a5 50 Sl (gla e Lo ST 5 s b ol D 4 e 3 352 5 sla Bl 5 s

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



e Sl 51 3 sl S5 (b sl o pslle e

W Ok sl o m s el

6;@;5‘.:“:“)::}?};6&&%\;1&5{“.&.;....zla.uf\jbw)szfy%a@)}b@;x}};ﬁj)
)}f&j}))ﬂwtﬂ\.@)@‘auc@LMlQ)‘yﬂQéﬁiﬁj)ﬁ)ﬁ)&‘ﬁ(jY@\ﬂ.@\:Md:&éi LZ

@‘o:‘)d@‘)aﬁbwﬁ)}ﬁ‘&_bgdf4:@@_5@‘04&5)@@)[9@@&‘)}3’}&&_LQJJJ:

&=y

[1] Chen, J. Patton, R. J. “Robust model-based fault diagnosis for dynamic systems,” Kluwer Academic
Publishers, 1999.

[2] Sun, X .“Unknown input observer approaches to robust fault diagnosis,” Ph.D thesis, University
of hull, 2013.

[3] Liu, Q. “Observer-based Fault Diagnosis: Applications to Exothermic Continuous Stirred Tank
Reactors,” Master's thesis, Texas A & M University, USA, 2016.

[4] Zhang, J. “Robust observer based fault diagnosis for nonlinear systems,” Ph.D thesis, University
of Auckland, New Zealand, 2013.

[5] Yan, X. G. Edwards, C. “Nonlinear robust fault reconstruction and estimation using a sliding mode
observer,” Automatica, 43, 1605-1614, 2007.

[6] Chen, W. Chowdhury, F. N. “A synthesized design of sliding-mode and Luenberger observers for
early detection of incipient faults,” International Journal of Adaptive Control and Signal
Processing, 24, 1021-1035, 2010.

[7] Liu,J. Wang,J. L. Yang, G. H. “An LMIapproach to minimum sensitivity analysis with application
to fault detection,” Automatica, 41(11), 1995 — 2004, 2005.

[8] Wang, J. L. Yang, G. H. Liu, J. “An LMI approach to H_ index and mixed H_/ Hfault detection
observer design,” Automatica 43(9), 1656 — 1665, 2007.

[9] Jee, S. C. Lee, H. J. Joo, Y. H. “H_/ H,Sensor Fault Detection and Isolation in Linear Time-
Invariant Systems,” International Journal of Control, Automation, and Systems, 10(4), 841-848,
2012.

[10] Li, J. Pan, K. Su, Q.: Sensor fault detection and estimation for switched power electronics systems
based on sliding mode observer ', Applied Mathematics and Computation, 353, pp 282-294, 2019.

[11] Han, W. Wang, Z. Shen, Y: H_/L, fault detection observer design for uncertain linear systems ',
International Journal of Systems Science, 66, (11), pp 8681 — 8691, 2019.

[12] Mart"inez-Garc'1a, C. Astorga-Zaragoza, C. Puig, V. Reyes-Reyes, J. L opez-Estrada, F.: A Simple
Nonlinear Observer for State andUnknown Input Estimation: DC Motor Applications', IEEE
Transactions on Circuits and Systems I1: Express Briefs, 7747, 20109.

[13] Pertew, A. M. Marquez, H. J. Zhao, Q. “H,, observer design for lipschitz nonlinear systems,” |IEEE
Transactions on Automatic Control, 51(7), 1211-1216, 2006.

[14] Abbaszadeh, M. Marquez, H. J. “Dynamical robust H,, filtering for nonlinear uncertain systems:
An LMI approach,” Journal of the Franklin Institute, 347, 1227-1241, 2010.

[15] Brahim, A. B. Dhahri, S. Hmida, F. B Sellami, A. “Simultaneous Actuator and Sensor Faults
Reconstruction for Lipschitz Nonlinear Systems,” Proceedings of the 4th International Conference
on Systems and Control (ICSC), Sousse, Tunisia, 28-30, 2015.

[16] Jiang, B. Chowdhury, F. N. “Parameter fault detection and estimation of a class of nonlinear
systems using observers,” Journal of the Franklin Institute, 342(7), 725-736, 2005.

[17] Zhang, X. Polycarpou, M. M. Parisini, T. “Design and analysis of a fault isolation scheme for a
class of uncertain nonlinear systems,” Annual Reviews in Control, 32(1), 107-121, 2008.

[18] Zhang, X. Polycarpou, M. M. Parisini, T. “Fault diagnosis of a class of nonlinear uncertain systems
with Lipschitz nonlinearities using adaptive estimation,” Automatica, 46, 290-299, 2010.

[19] Chua, W. S. Tan, C. P. Aldeen, M. Saha, S. “A robust fault estimation scheme for a class of
nonlinear systems,” Asian Journal of Control, 19(2), 1-6, 2017.

[20] T. A. Kawady, A. A. Afify, and A. M. Osheiba, A. I. Taalab, “Modeling and Experimental
Investigation of Stator Winding Faults in Induction Motors,” Electric Power Components and
Systems,37, 599-611, 2009.

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 AR Oliass 5 5l ¥ o5led OV 0y 9305 (gmkige )5 b b sladlele 4,45



e Sl 51 3 sl S5 (b sl s psle e
Ok sl o m s el

YA

[21] C. Kallesge, “Fault detection and isolation in centrifugal pumps”, Videnbasen for Aalborg
UniversitetVBN, Aalborg UniversitetAalborg University, Institut for Elektroniske Systemer
Department

Journal of Nonlinear Systems in Elect. Eng. Vol.7, No.2, Autumn and Winter 2020 WA Sl 5 5l oF ool V0593 (B omige 53 o3 8 ladible 4 25



