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Final Goal: Development of a robust fuzzy controller and nonlinear observer for a PEM fuel

cell system

Contents
Purposed 1. Estimator design for power point tracking of polymer electrolyte membrane(PEM) fuel cell
system
contents . . . ..
2. Robust control technique proposal for the fuel cell system with parametric uncertainties
problem
3. Fuzzy modeling for the nonlinear fuel cell system and fuzzy—model—based observer and
controller design
1. Nonlinear property analysis of PEM fuel cell dynamics
2. Nonlinear modeling for the fuel cell system using fuzzy technique
3. Research of parametric uncertainties for the fuel cell system
4. Study for the interconnected system with the common input
5. Fuzzy observer and fuzzy controller design for the fuzzy—model—based fuel cell
system
6. Robust control technique to solve the uncertainty problem
Result 7. Decentralized controller design for the interconnected system with the common
input
8. Stability condition analysis for the closed—loop system with the observer and the
controller
9. Discretization technique and the digital control for the remote control of the fuel
cell system
10. Result analysis from computer simulation and performance verification of the fuel
cell system
1. Developing a real—time remote observation device for the generating fuel cell
system
2. Guaranteeing the stability of the fuel cell system for home use and applying the
power stabilization system
3. Guaranteeing the robust stability for the fuel cell system for automobile changed
Cfr}ftiiebclifiin the temperature and the pressure rapidly
4. Developing a remote control for the portable fuel cell system desiring the fast
response
5. Connecting with the converter or inverter using the descretization and the digital
controller
6. Improving the other system with the common input property
PEM fuel cell cathode and anode nonlinear modeling
Keywords real-time observer voltage stabilization parametric uncertainty
robust control system fuzzy system common input
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o] 2&% ot} FA7HA Ao} FHolA ulghd AudA e EAHL vt 2o

» PIHICIZIE Ol&k2l

oEFH A[ABIO| HMED LR SS A oF Mo Il 25
g2 ds - 2S5 dy ze
«JIZE HHEIZION HIGH &2 &3 s g g

ST ET /0L 2 22X

( « H2HI
- —e 2EAAEQ
<210 0147 =Ch=s
Tl 0 2 Heror@dss
AVEFSR-75 FIEtMER2
HAH g0els

g

oTJlE NE ER
2|5 EH0 AelE
Mo 218 27
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oo, ¥ ATE FT ARHAY Ao 7= WL AH Ve FHEE 9 7 AAY Al A 79 Aow 7]
i, 55 3BYAS B 2 Aol AEe obd FugFoE A7 Hol A @] ] GEHoR v$ on
e AHgldn & 5

3. 475 g 2 2%

3.1 47 W&

AEA A 484

X
i,
[

>

|28e] A =S AT HA #57] R 2 HA A7) AA

PEMFCY T #BE ABHHINE 2501 &
o, JYOHEHE RO Ig @4

Fuzzy Observera
Fuzzy Contro|

Robust Control

— 3ok EEEeln gAY B WA ARAA WA AT 4
- QaA ALY ERY At Ade) 4R FFL G s R ARS UF gY w57 4
— B9 N Ao BdE WA gl U A
SEEE Ao/ AT L - 1% B3] Gl HAT Aol el
3 @



*

Power
Conditioning
»| _

X Energy Storage
(Battery)

R S T e vavava i e ~0-{] - oke--

...............................

Motor !

‘ ‘ AVAVAVARSRT

Compressor @ """"" o B

AT —— -
H Humidifier
P L] Fuel Cell Stack L
H
- l S
: : Water Separator
Water Tank

a9 6. A dad dudA Aa"e] AR

L Fon Iz
v, T
Supply |
Manifold e |
(SM) :
I,
Coaler &_— hY ‘L =
Compressor Humidifier | I : CauiodelMasslnicy L
(cP) 1 | I Mg o
g
can | My ca My ca L.
i Poca  |Pua
il W Wy @, L
L I
Cathode i Anode - s
Gaa Membrane Stack
(ca) i (aN) Hyaration A voltage
) S H:I-JTE)VIT
T chm Ph'.c.’z
W o e I :
W t
®r: Anode Mass Flow
., T e =0 Pon My, an Py an
H’rw._m Return Tonin
G panifold
(AM)
= X< Hl o L= =]
aH 7. ARAdA ARl e O 8. ARAA AxEe] BE thojoj

3.2 o|24 A< ¥H
o PEM 984 Axde] $2 8% 719 2 £ 2dY 47

82 ASA(PEM) AZAdA] A|2EE T4 Stack Voltage Model, Cathode Flow Model, Anode Flow Model,
Membrane Hydration Model®] Y] 7}F4] 02 o]Fox Ut} o] F 7P 23k 4 2491 Stack Voltage Modeldl
Al veE HE AS HAEAS vhe 2k

vfc =E- Vaet — Yohm — Yeone (1)
oJ714, E+ open circuit voltages VIS, v, Vonm S Veone ™ ZFZF activation, ohmic, concentration voltages <]

mshe o] 58 Al2Re =24, deH B4 widd AVl &4 Ager = 4 vk A=, PEM Ad8dA AlZ=E9
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Aot 9715 Fal= do o)X g7 VY 83 948 B 4 9th o] open circuit voltageE el Ale ool 7+
— — 5 1

E=1.229-85x10 *(7},—298.15)+4.3085 < 10" " 7},|In(py ,,) + 7 In (Po,ca) (2)
[e)

7N, T, ARAA Kelvin LE& UEIW, py 9 po, = A7 amo BAEE 9 2718 e, =,

AnA AYS ARSH Lrolt Fhsh ael gl M Fas

=] Qsithal B 4 Q) o3k aet akhe] obE A7)
= 7}7} Anode Flow model® Cathod Flow Model T4 8404 A8 4= 9lar, o]of &t Ao =2 upgA ez et
Y 4= 9)t}. WA cathode flow modele] 54 WA Ae thexl 7o)

cathode flow model :

y—1
dwcp . ktkv kt Cp Tatm kcp Psm v
=10 We +,',}z’m Vem — -1
dt Rcm J(fp v ’ Rcm Jcp 77cp Patm
dpsm __ ’YR{I, Twn,ksmﬁout 'yRa jjcpk/’cp¢ w. + ’YRa Tsmksm,out
dt Vsm Psm Vsm cp Vsm Pea
dp02 RO2TCa n RO2TCa xO.z,inkca,in m02701LtkCa,0Ut
= — _I‘t_ (p +p +p' ‘)
dt I/vca ©: 4F I/vca 1+ Wea,in 1+ Weg,out ©. N e
RO2 Tca z OZ,inkca,in RO2 ]l:a :EO?,outkca‘out
+ cha 1 + wca,in psm + Vca 1 + wca,out p””
de2 . RN2 ﬂa (1 - :EOQ,in)kca,l n RN.Z ]l:a (1 - sz,out)kca,out
dt B Vca 1 + wca,in psm Vca 1 + wca,out pT m
RNQ ]7(:11 (1 - xOQ,in)kca,l i (1 - xOQ,out>kca,out + +
VYC(L 1+ Wea,in 1+ Wea, out (pN2 p02 pv,ca)
dpv,ca _ RUA,(,‘(L ]::a, M)’Il(l + 2Afcnd) 7 — R@,(;a ]::a M,'Afanw (f( ) _ f( ) ) (3)
dt Vca 2F st cha tm Py, ca!Pu,ca Py, an /Pv,an
_ R@,ca ]W(:rz wca,inkca,l wca,outkea,out + + + Rv,ca ]W(:rz wca,inkca,l
I/ca 1 + wca,in 1 + wca,out (pOQ pN2 pv-,ca) Vca 1 + wca.in psm
Rv.ca ]l:a wca.outkca out
) ) , D,
I/(:a, 1 + wca,out rm
A7 w,, = compressor®] W &Lk p, & supply manifold®] 4H, p, = Ak S, p = ARe] 4, p, S
MAhsol 57] =S ou|dit}, H3h anode flow model®] &% WA o3} 7t}
anode flow model :
dpsm,an - RHQTwn,,rmksm,(m,out + RHQ Ts‘m,anksm,an,out
dt B Vs'm,an Pom,an Vs'm,an Pan
dpy k RyT, k RyT, RyT,
L= ( - + kH,out) Z_an Pg,— ( ' +ki~[.out) i Py,an + kH-,,out e (pOA +pN +pv.w)
dt 1 + wan,in 2 I/(m 2 1 + wan,in ¥ Van - Vran 2 2 '
RH 77@ n n k 1 RH ]—;l n
- 1% MHQﬁ[st + 14w . . % Psm,an
an an,in an
dpv,an _ ( wan,inkl + k’ Rv,(m ]:m » - wan,inkl + k Rv.u,a,n Zm D (4)
dt - 1 +wan,in v,an,out Van v,an 1+wan,in v,an,out Van H,
R, T wy inky Ry o T
+ k@’{m’(mt 1,,[(1/? an <p02+pN2 +pq,,m)+ an,in'1 v,an - an

1+ Wan.in Van Psm,an
Rv,an Tan MvAfanu)

Rv,arz Tan MvA fcnnd
Vv(m tm (.f (pv,ca )pv,ca - f(pv.,an )pv,an)i 1% F st

an

an
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A71M py.an = supply manifold7} ofi==ol WX 4ES Ukl p, = T4 UH, p, o HEEY SV AEs
ojgict, 9of AihEe} o= T4 WA Uow FHES o&d 28 ke Boi7ke oY e v WA
S S3lA BE 5 AUk

Pryan = P, Po,an

P0,ca = Po, TPy, T Po.ca (5)

o HIAYA qZ2< A% HA =2dIY

PEM Q504 Al29e] ALs $24 9443 ot 54 BRI f(p, )% f(p,,,) S NAEAE BodE 5 9

2
Du,i P, dr 1 Do, pv,i
0< <1, )= ——|17.81—39.85— +36( ) )
psat q Mm,dry psat,i psat,i sat,i
Pmary 1.4

DPy,i
1< ——<3d 9, flp,,)=
Psat.i o Mn,dry Psat,i

ol9} 7+e HMHAL F83 A|AELS T-S (Takagi—Sugeno) HA Alxglo g 3" = gty T-S HA A2HLS ¥
ZAst WA (fuzzy inference engine)d HHE] =4 A8 A|~H (local linear syste)d] Ao 24 TIHT £ ¢ AF

], i A WA T-S A A|2FE thaat o] FAFT
R": IFz/(t)is I and ... and z, (¢) is I, (6)
THEN z(t) = A (t)+ Bu(t).
A7 i=1,2,...,q, Fj% A HeH(fuzzy set), z(t)e R"E H HE(state vector), u(t)ER™E Ao Y= HH
(control input vector), 4,R"*" ¥} BER" ™ A28 & (system matrix)Z 98 ME (input matrix) =

77} 2
Gtk aelal g T-S ¥A] ZEe 7H?§— ou e}, A (6)<] WH A sH(defuzzified) | A2 theh o] BdHTh

i=1
1714
o) =TI 0, neten = —2E0L
j=1 lel(z(t))
Ii(z;(t) = el &8 de 2(t)9 2% A=(grade of membership function)S Wk w,(t)e] 7124 542
Ut 2

et the 54 A e g,
wi(z(t)) = 0, .Z“i(z(t)): 1, i=1,2,...,q (9)

PEM Q12 1A Azl Aol 4 mewe slalo] 7 WMol dig wels Aga,
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o AAE B o= & F PHL ZA3NY) 9% WA B3] AA

Narsh omtod o e dAadxe] 28 ALS AAAE F23 240ty ¥t ol ol Ay =
A @Ay Ay g ggoe Avke G Tk SR A 9 o] oES AAME o] &8 AR FA43=
AL A9 BE7Fssith AL AMAEe) ot UlF hEs SAdof a7 witel, SAVIE @71k offE ¥ ol
g, 24719 e AmAA e Aol Wol Astd = 7] wizolth upghd ol Ao Eale A #E7] A
AR olod 4} Ads7A] A|l2=vle v dgdS dxsta 7] widd 7]Ee] Ay ASV|2E #59 458 =¢
T ok ek H{A2 B571E Eske] B gEet oS S5 Ak
AurAQl v dE HA #5719 A2 o 2ol BAY7] "
Observer Rule 7: 4 , (10)
IF z,(t) is I} and 2, (t) is I, -+, and 2, (t) is I,
THEN{ 2(t) = Az(t)+ Bu(t)+ Flyt)— y(t))
y(t) = Cx(t) i=1.2,...q
o171 F,eR"'& #57] o5 #FYo|t},
A9 A A YA gsid g 2 S A4S 5
A q ~ R
z(t) =Y () (Azt)+ But)+ Fi(y(t) — y(t))) (11)
i=1
~ q ~
y(t) =Y (z(t) Ca(t)
=1
A #5715 B I FHX Y d Alz="e] e B Afole] 4 At ofge} o] FAHE
z(t)=a@)—z(t) (12)

2(t) = _iuxz(t»wixm+B,;u<t>>— M GO A0+ Bult)+ Fy(1) - 5(1) (13)

o e AnE 9 H1, AFHoE eI ge Ao BEEY
- . g
w(t) = 33 3 GOy )4, + £,G)z() (14)
i=1j=1
71N (1) BT ATHE AL F4 LAk 002 FYITHE FoE FAA] FWEF 2(1)7h B 2wl 3
Y o (1) etk 2e oviaith A%, 99 $4 PN s AL S oAb ol5gk £3 3 slo] B0

ARAA Al2ge ]HX40§ Al Azl mheb udA] AEe] AaE B oofere) H Alo)r]E A
AsAE 71Ee] A7 Aol7lRe A9l kst A #5718 B3 e AxE ot G oM A
Aol71e) HH & u;;ud_ oheat ek

Controller Rule i : ' (15)
IF z,(t) is I, ,-+- ,and z,(t) is I",
THEN u(t)= Kz(t), 1<i<gq)

AN K= AAF 27)E A Ao o5 Feltt,
919 A4 AL AT thel HA A 2 5 ek,
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Zuz #(t) (16)

i=1
AolA 73 x| B57I9F HA Aof7]E o &M HlAdY AlAaTe] HFEZ wA] AIARS Fehd thee] Ho® uE
3% ek,

P = 30 VO CO)(4,+ B () - B () (a7)
26)= 3 N GO, (A, + FC)i (o))

420 A7 ALY 8 Lk B8 PR Ul LIRS 47 548 PEMIC i agel A7
B Fal, o5 @ A9 KF Fehe Aol aga P o]5qRL 0§

AREIX| YA |ALIO| HIAE 27
— 15X 2

x(t)=il‘.(—’(f))(/’xx(f)*'Bx"(l)) )
'l » PEMFC system = ‘j ()
M) =2 (20 X(1)

u(t)

i

T ll(f)=ZM(Z(T)) (A1) | ——

= i 1,z (AX()+Bu(t))
P S

+3 U GOF, [y(r)—f u,(z(t))C,ﬁ(t)]
=1 =

" HxIHp|
DHIM A ChSt LVl ZEHO] QP &2 R

I Relaxed QHHE £ R
12=7| 7|8t A|AEIO| seperation principle 21 05

a9 9. dudA BAARE] HA #57] B A Aefr] A=

o &8 A4 AT Aojr] AA

PEM ASHA] A28 Fas) AbAazEe] 3pshibe-S o] &3] s Walos 2%y T obE Tol oA
B gEs v Hrt o9 22 Aoz sty Ag A WA AEe] R o] ] Qi) stk gy
B o] Wsd EA & kol glon, ol & AlaEle] obgsle)] ofeddks wX| A "} o|F sty 9% Wotow
IAE o AAENE HX 2 70k Ao} WaloA Bup @Sk, 74 sleprlEdd EAlchs BEAdS 18 e HA
Aol darg]HS dsiA "ok

53} 22 ESaAo] sk AEHAZE A|2ES T skAL

g’c(t):(A+AA)x(t)+(B+AB)u(t) (18)
R?

P oolt}h, a4 9} B = 4t AH) HWE S oneh, A4 9 AB



(A4, AB)E &3 Zo] vepd 4= glrkar 7Hg et

7 1) =224 Uehll= F 4, A4 9 AB = va3t 2] w(norm) BREE Ho] Sl
[AA AB|= DF(t)[E, E,]
oi7|M D, B, &% E, © EEEA4E Yehlle, 2T 32 7k 24" ddoln, Ft) v =S4

o

A e F

714, a,= (39.85°

29 T-5 WA THL

— 4+ 17.81 « 36)/(4 « 36)°] 3L

Aol WA S Al

f(pv,i): le (pv,i)alpv.i + F?(l’u,i)ﬁﬂ?v,i
1 = F’}(pb,z)+ Fzz(piz)
Bz max(£(0), f(1)o]H. #1e]

x4 &} _/,:

o) \;]_

—~
—
©
~

ke
o

Lebesque—measurable #+o.2 FI(#)F(t) < I & ©w=3a1A4 ®r)
3.3+ 2%
o PEM 98 AA Al&2H9 ¥z I
PEM A wAsdol ] MAHe THRL Ax FHE [(p,,)% flp,.)E Heel How 71
s ma® + slo.
2
Pm,,dr 1 DPu,i Pu,i
(p,;) = L ———117.81 — 39.85— +36( ’ )
f b ’ Mnﬁdry psat,i ps‘afi psat,i
AN p, i/ Do i = 0GIA 1AFO]19] ke 7HXIT) 919] HIAE 45 T-S #A A|xgloz wEsr] 9

Rule (i,j) of subsystem k (21)
k. j
R [qu ,Ca ZS [111 ,Ca and p1 an ZS FI ,an
q
THEka,(t)ZAi];xk(tH-B,;];u(t)—&- 2 A“
=11
o714,
[—aja, —aya, ) T 4Gy T a0y 1G9
1 _ _ _ | _ _
Ay = |7 aay —aa 10y ;o Ay =T aay —agay 10y )
|~ Q187 — A1G7 T G107 7 A106Q190, —a10; —a1a; —a07 — 41054150,
0 0 0 0 — aed — g
12 _ 12 _ 2 _ 9ds 903
A= |0 0 o A= 0 ’ Alj_[a g — A11Qg — TagAgQ o }
0 701060150, 0 rayasa;sB,, Hes Hes sTeT2 an
42— [ — aqag — agag 42— ki, out@s K, ouits k1, 0utas
2| = — Q108 — TAg0s019 84, | ik as k ag k ag + 103050190, |’
|~ @1108 1198 86120 an Hyoutd8 K, outd8 K, outds 812 cq
r — a6
A21_ kH?,outaS kH?,outa’S kHz,outU‘S Bl o 01 3 32 - asam}
2 = ) i = ) TRl ;
‘ _kH.z,outGS kH.z,outGS ngA,OutaE%+Ta’8a6a12ﬂca K a,as * agly3
oL, r=0.01, hy ,, =02x10 "otk (i,j)ELE HA FHAFE HEPNIL, kELE 39 A"l F& U
Bttt Al A8 WA Al2~'le] A 9= cathode®t anode® 7 7M9] dk9] AlxBlog FAo] Qrt. 7; 3}

g el om o ghe

F 60l HERE S
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(3 6] ARAA Azl 2} Heulese] ofv)
Parameter Meaning Parameter Meaning
R(}z ]—;“ R‘\z ]—;“ R1 ca ]—:1) RHZHL _ Rl ,an ]—:Ln
" Vo Ve Va " VoV
T Oy, nkaz,i n x Gy,outk'(u.,out kl
as g - ag R, out
1 + wﬁll,iﬂ 1 +wm.0ﬂ,f, 1 + w(m.in v
n
Qg ]I/IOZE Ay ]L[HZ oF
l-= in km.in 1—z sout k(n, ou Wan ink
a, ( = ) ( = f> o an e ! +ku(mx}uf,
1+wm,7'n, 1+wm‘0ut 1+wnn‘lﬁn o
]l/[l,n(l + 2Af(ﬂd) P, Ldry 1
Qg _— [ P
2F ]I/[m Jdry psm‘,,i
M,A;nD, M,A;nny,
R t a3 7}7
w(u‘i nkaz,i n w(u,outk(u,out
o 1+ Weg,in 1+ Weg, out
Aol AR FH& T PEM A8%A A2®S T-S A Alxdlog mdydsy ohgy) o] yehyoln
=
. : : k k L kl
x,(t) = Z Z,ul(wk(t))u](xk(t)) Ai]-xk(t)JrBZ-]-u(t)Jr Z Aijxl(t) (22)
i=15=1 =11k
2 t )
AZNAM, p; (, (¢ HF o )]/ N LT (@) O1aL, I, ()= 25350 2545 vepith a3
s=1 i=1\s=1
102 2% #s Uil 2oz, 7F 4&3e50] 03 1Akolol Ay EA8k, 1 5ol AAY 19]
e AS & g ok B, ¥ 119 12+ AsAA AL vAdY FeE T-S ¥A 22YE A3
W Aew ayS S, WA BdY o]Foe A AaEy O 54 wddits Ae & 7 A
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4.5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 4.5
4 | - 4 B
|
|
351 ‘ — 3.5 —
3 [ 3 B
‘j
2.5 /f“ 4 2.5 i
= / =
x 2 / i x 2 |
1.5 / B 1.5 4
-
1 ///// 4 1 4
0.5 — ] 0.5 ]
0 0.02 0.04 006 008 0.1 012 014  0.16 % 0.02 0.04 006 008 0.1 012 014  0.16
o~ a1 - o~ a1
T3 11 ARAA AZEe] e Wg 34 a3 12, 94 2AYE Axge] g ag A

PEMFCE 7|84 o2 i 2dy ot Hdo] A5 A3 JeE =i u) kAt dukdel Ja4
S Al2EaE g 98 BELS stack currentd] FE JES zha vt wEbA 7]E] AE AT Al
S Zke= A Y

g B4k Alo] 7ige] obd A EE Ao} 7|He] Aot o]F f§ Sy g2 FTF dY
5
o714,

o2 wS57] 7IHh HA 22k A A7 AAF

nlt) = Z hf (2 (0) (A2, (6) + BFu(t) = Ly, (t) = y,(1)) (24)

r q .
w(t) =37 Y h (2 (k) K, ()

i=1k=1
9] A xEe] AAES 317 98 Aewiel AHEs FAX ke o xE g e},

ek(t):xk(t)—x;(t) (25)

AAE A7l 2 (24)& 2 (23)9F (25)° diYstd v 2 HFE A 2ES 45 5 T
6= D NGO GO D By (26)
o714,
= [m(t)} ok — A+ BfKF - BiK! } u_ AP+ BIK! —Bf](;}
e (t) J 0 Aik+ Likck 5 0 Ai“
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AzEl (26)0] SHAEEE FREAS Fetal olE T, o5 dE L9 kfE

B oAy Bge wes
T Zolth o] F A T wx 4zt e,
BZ A 1) A8 Y9 o %ad 3y prel &5 o7F FolHS uw tgo wAAS g AYs
=3
q q T q q Tk
YY) ax TP ) =Y D ax, )P, (1)
k=1l=1,l=k k=1l=1,l=k
A9 wz JelE ol gdte] ATT FEAF A=W YR 2AS o7 93 et B Lyapunoy @
& FRE HoF),
q
Vzk (2, ()T Pfz, (t) + e, () TPLe, (t)) (27)
=1
Faha et gt

k=1
’ (28)

k=1U=T11=ki=1j=1 J
! ki phgk bkl
x X’“rq—_1(¢ ) Prt Prak) Phot [xk]
X1 VAT .
(éij) P 0
5 A3 }\]_/'_:Eﬂj]o] ?_]—Zoqﬂ'%%

A4 ) nx 42 1& Gsn FolFY, gl F

ok = Stk
%((éiﬁ)TP“r Pral+apPt) Pl
| - - (29)
(éllld)TPk — 7Pl
7 g—1
L (k) TPy phgt
q—1((¢ )LP el ] pigh 4 phgt
+(0}) Pr+ P + 20 P! » »
2a
" k Kl z
I (sz‘j)P—F(gl’)ﬁ)p 7q_1P
gle] ¥ REAel Aol diag{(Pf) L 4(P) L 1}E FAFm (PH) = QF KHPY) = Mo Ni=PiLE
g AnHFE e doE 2e - g
R 1) o} theo] NY PP REASS utEa gy $d QF, prol oW AW Ak, NTF 248
Ao, #57] 716k 2AF HA A7 E T = A E AR AlAEE A A o R bl H
i v " y i}
1 kasrk\L &
-yt 2 » y
kT B a Z “ 0 (31)
() 0 el y
k)T W\ ok o
(BZ%) <Az ) P 0 qg—1"72
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vl 4w X X *
- (J_%(B"Mk) O+ 2 X *
e+ )" o -2ge ok [T .
—(BfM!+ BEMY)" (AP A M) Py 0 - qQ_O‘l P}
1714
vl = Zrlareit Qi)+ Bhai+ (Bi)) +aQf),

0l = Lo (pfake (4l Pl NECH (NECY) +apf),

vll= AN Q!+ Bl M
olal, 1<i<j<r xi dHodMe AHAerE ovdc)

ol Bl T3k AE BE F-eAS ol &ste] A Aad ARHA A=Y #57] 71 F4F #HA
Ao71E AA G Aoj7] AAe dad Z+ senge] ged £ 79 dERY . o 2
w5719k Ao} 7] €] 1 WS T #Zeol 7+ 4 Ak

= [0.061902 —0.013162 0.00021868], A, = [0.059157 —0.012579 0.00054425],

= [0.09284 —0.019747 0.00020013], A= [0.091384 —0.019437 0.00057374],
= [-9.6905x107% 1.541x 10 %], Ky=[—8.7456 <1079 9.7873 10" °],
= [8.511x 10" % —0.00011937], K}=1[9.4927x10"% —0.00019153],
—0.98895 —0.98894 —0.98807 —0.98805

Ll=1| 12755 |, L,y=| 1.2755 |, Lj=| 12725 |, L/=]| 1.2725 |,

201.47 201.88 198.42 198.95
r2- [0.65798] 12— [0.72224] 2o [—0.038529} 2= [0.0094748]
17 [ 586.67 " ™2 [660.95 3 —278.12 |° 74T | —231.28

S¥ 13, 14, 15, 165 RelA9e] Anw Axge] FHWS 2,()9 RS F4A k] 27 e, (1)
el Rew Azgel sHdtE A & 5 ik olE B, St ¥E

BAF Azge] BAF 54 Ale71E AAsgom, Aojlg Fhe] PEMFC} ehds
ik,

N
rr
i
>
ofl
A ox

[ 7] 837 Al=gle] 7z s gEe] gt

Parameter Value Parameter Value

a, 293498.32 ag 586996.64
a, 0.00000045385 ay 0.00000202
a, 0.00003159 a 0.000039488
a, 0.2 ay 0.00000202
as 0.00000213465 gy 0.00036364
ag 0.46688 s 0.025244
a, 0.0000025885
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il
il
w// 08l
L N
05} \ 1 \ .
) \ N
/\ 0.6 '
| \
il
L

£ \\ £ \ R |
< \ o \\ \
\\\ \ 0.4 \ N
S~ ~— \\
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This paper deals with the observer—-based decentralized fuzzy controller design for nonlinear interconnected
system for PEMFC. The nonlinear interconnected system is represented by a Takagi-Sugeno (T-S) fuzzy
model. Based on T-S fuzzy interconnected system, the fuzzy observer and the decentralized fuzzy controller
are designed. The stability condition of the closed-loop system with the proposed controller is represented to

the linear matrix inequality (LMI) form, and the observer and control gain s are obtained by LMI.
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In this paper, the fuzzy output—feedback controller is addressed for a discrete-time nonlinear interconnected

systems with common input. The nonlinear interconnected system is represented by a Takagi-Sugeno (T-S)

fuzzy model. Based on T-S fuzzy interconnected system, the fuzzy output—feedback controller is designed with

common input. The stability condition of the closed-loop system is represented to the linear matrix inequality

(LMD form. PEMFC model is given to show the verification of the controller discussed throughout the paper.
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