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Active H, fault-tolerant control design and online optimal selection
schemes of fault-tolerant controllers
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Abstract: This paper proposes an active Hoo fault-tolerant control and optimal schemes for selecting a controller on-
line, and constructs many-to-many mappings between fault modes and controllers under the “off-line design, online se-
lection” fault-tolerant structure. According to the specific fault model, the active Hoo fault-tolerant control is designed
off-line for every recoverable fault mode. Then, three methods are presented to shrink all fault-tolerant mappings between
fault modes and fault-tolerant controllers for different requirements. As a result, four selection schemes are proposed to
choose a proper controller from a given set of controllers for a given fault mode. These four selections are designed for
different requirements to improve the fault-tolerant performances of systems. Finally, a simulation is performed to illustrate

and validate the effectiveness of the active Hoo fault-tolerant controllers and the selection schemes.
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Fig. 1 Structure of the online selection of fault-tolerant controllers
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#(t) = Az(t) + Bru(t) + Byw(t),
2(t) = Cx(t) + Dru(t),
Horp: (t) € R RGURE u(t) € RME i
N4 w(t) € RUZAM T PRBU R A & 1, Wl

ey

Rw(t) € Lo; z(t) € RPZ VN far th; A, By, By, C,
Do HHEME, T fiE M, ik Ct Dy = 0.
ARSCAN % SE AT AR et JLH SR Sy
Bru(t) = B(A + A)u(t),
Dru(t) = D(A + Au(t),
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I, A = diag{\1, Ao, -+, A ¥ = OJ2 X6 i it () 2 A5E,
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A; IR

P(A;(nT)) =
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P(Agn 1 (nT)))".
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Q" = Q.
3 H A& HITH(Hy fault-tolerant control
design)
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K = -AiBYP,

PiA+ ATP, + PBAJK + KT A,BYP; +

(C+ DK)Y(C + DK) + ;ZPZ-BWBVTVPZ- =

PA+ ATP, — B,BA}B"Y,P; -
PY;BA;B"P; +

(C = DA;BTYiP)"(C — DABTY,Py) +
%PZBWBVTVR- <0, )
gl

Mau = Kz = —A; BUY; P RS FRAEHR R A;
I B R GEH oo BEVHFERRABEI AL

UE AR (A, )2 RR Y, AR AT 5 s 5]
L TE L (5) |loo < YA TAALERTBRIE E HLFE P
AT AN AT

PA+ AP+ PByK + K'BiP +
1
ﬁPBWBVTVP + (C 4 Dy K)Y(C + Dy K) < 0.
(3)
BAR, WA B AL, A (A + By K;)/2Hur-
witzffl, F|| T2, (5)]loo < 7. fHRXANARE R A5 A
HIH By M1 Dy, ANREHHEKAE.
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selections of fault-tolerant controllers)
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X BA b P BRFTS J5 325 1 AR 6k 2 k47 S 1. FTS 5
SRR /o 1 Bl | 9 B 1 L 4 s W AT
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TIE3AN S SE A B R LTI IR, 5 BEAE A 5 T i
i 5 3R 2B RN TR 0, & — AN B & MFTS; FTS 7
TEATIDL KR BB DX F3 Wt () 7 E R B, X T W
B AR 2 ] DU ARAIE R PERE KA, X1k
B T R A PT U R AR R G R E MR %2
AVE, G5 a0 T B AR 5 B E M X 4 (A
RreAsa, Ty H et g g D) s kB b 2
5 {EKAE(Simulation results)

TER G EF AR EC T, AL IIF18i% L iz
IR SRR,

'i:(t)_ —1.175 0.9871 ()4
-\ —8.458 —0.8776

—0.194 —0.03593
u(t)+
—-19.29 —-3.803

7
o
04 00
zt)=100|xz@t)+ |20 |u),
00 02

Hor: RGRE2) = (a@) ¢@)T, a®RE K
F(), q() AREAHD AR ((O)s); REIHAT A%
NIRRT TR T 66 AT £ (O )RR TR AR AC 42 0 W5 555 1 52
©), XM PAT AR LA “a” 55 “b7 . B PATH
IEH, MERTR A a, by AT SR T B, WK Aa,
by F5 FEANHAT S 784 A, W B AR L) - BE .
PINAT & 7 BEIR A B 4L A AR 2 i R b A
Pt K a Rt aras “a” e FE Hhdras
“b” 58 A KRB BB A PAT B AT R 1 AL
J£0.2, 1)
{AL=1,A7° = 0.2, \) = 0},
(AL =1, A\ =0.2, \) = 0}.
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0.955 0 0 0 0 0 0 O

0.01 0.95 0 0 0 0 0 O

0.005 0.025 0.94 0 0 0 0 O

0.025 0 0 0.92 0 0 0 0 O

Q=1 0.0008 0.018 0 0.0238 09 0 0 0 O

0.0001 0.0027 0.05 0.004 0.05 0.92 0 0 O

0.004 0 0 0.05 0 0 093 0 O

0.00009 0.004 O 0.002 0.04 0 0.06 0.89 0

0.00001 0.0003 0.01 0.0002 0.01 0.08 0.01 0.11 1

BB AV IR Hoo B8 25 4y = 2.5, AT A MR 4
AN (2) BT A, € TR o 784
FEIES K. AR a2 i 3 20 o A FH 380 A A il s
B, T A H o 18 25, W R H 5 H i B i H o 186
/N T2.5, I A A I e X AN AR A
—ANEATEE RIS R VRN T ARFREE R T
ANTR A T B (R B R Ho 3 2, “— 7 RER
Hoo B8 53 K T451-2.5. IR 1] AKGIE 2 BE2 14 1A
P, A ) IS 58 7 S B2 AN B 4 THI 1) sz e el
AN BT AT R T AT Ay . S oh, 1A %0
I+ = {ab, ab, a,ab, ab,a, b} T~ = {b}.

A1 RRIBEARR A IR 42 ) B4R T o
A Hoo 3 5
Table 1 Optimal H, gains for all fault modes and
fault-tolerant controllers

*

¥ ab ab a ab ab a b

(Sl

Ks, 040 - - - - - -
K; 041 041 - - - - - -
K. 041 041 041 - - - - -
Ks, 143 143 143 143 - - - -
195 195 195 195 195 - - -
K; 198 198 198 198 198 198 - -
K, 201 - - 201 - - 201 -
K- — — — — — — — —

SR, R R EEFTS 0 7751 344385 AN [\ e 11
7 >RIEFTS.

EFTS J7i%1: M* = {a, b}, 15X AN B 4] 1
B, H = {a,b}, H—MAEH FH c M*. k5%
K& BFTS /&R 2 ) “BFTS1” .

EFTS J5i£2: %4

{qo = ab, q1 = @b, gz = ab, g3 = a, qu = b},
FHM 57503 FIBFTS /&322 ) “EFTS2” .

EFTS J5¥£:3: e 48 H R Kl 43 e o ™ o A% g i o

fERAEGR = {ab, ab}, BIA SCIN A R X { ab,

ab, ab} AT R, V%R (A RS,
JTEAIE I EFTS )& 2227 ) “EFTS3” .

£.2 7 ik 1-3ME 49 EFTS
Table 2 EFTSs constructed by methods 1-3

Jik ab ab a @b ab a b

Ks Kz Kz Kz Kz Kz Ky

EFTS1
b Ky,
Ko Ka Ka Ka K Kz Ky
Kap Kg K K Ka

EFTS2 K.; Ki Kai K
Kg Ky
Ky,

errss Kab Kap Ko Ka Ko Ko Ky
Kap  Kap

27T 1, BRETS % H 1) e b 4 = 5 2 e 4 1l
A LG OC FR 7R H, A R AS T B 22 AN 25
PEil s, BT AT Bk W FTS, SRR AR =
RN AR s, RGN EFTS Ji k24t
(IEFTS2, $ N KA FHFTS 71 1 -4 AL U FTS.

FTSU7 %1 MK 1, v LLZE 5 [ #4 1& HHFTS1,
SR ANFR3T “FTS17.

FTST7i52: AP AT A8 70 N W)t 2 58 A IE
IR, AR T2 AL I 8] Ry e, = to + 8T, AP A ZELR
g S AV FTS A 2R3 9 1) “FTS2” .

FTST7i53: AP AT S8 76 I W)t 2 58 A 1E
W, 2B ISR Aty = to + 10T, HA IS
ik = 2, 1 HFTS /7 7344 it 1) 3l &FTS A &3
¥ “FTS3”, Jth: K j = {Kap, K, Ka}, Ko =
{Kap, Kz Ka}y Kap={Kap, Kz, Ka, Ky}, Ky =
{K;, Ka}, AR N — MRS R4
A B N IR ANREIE AR I A B s ol 2, 75 22
BT A A, A e 2k HA AH DG MR A = i B L A
Pl ASCRE LU S TR 2T 3. s
T4 “a” fite, = to + 2T KA B, 451 2R50% (1) VE
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RE, Thtc, = to + ATHAT 25 “b” 11 K50%11 1 fE,
fite, = to + 6TIAT 2% “b” 5845 KA, FE WS Alt,,
tey Hltey, 0 HE— 0 B i 35, A FHFTS J7vk344
IEISEFRIFTS 43 1) “FTS3*” .

FTS J5i%4: dEFF K o i b i =™ SRR B 1)
RAR = {ab, ab}, [ FHIFTS 7 3k (TS J 43
Hff) “FTS4” .

£33 4T ik 1 4L B9 FTS
Table 3 FTSs constructed by methods 1—4

7 ab ab a ab ab a b

FTIS| Ku Ka Kay Kay K,; Ka Ky
FTS? K, K, Ki Ki K; Ki K,
FTIS3 Kz K,;; Ka Ka K, K Ky
FTS3* Kap K, K; K;

FTS4 K, Ksz Ki Kz Ki; Ki K,

PUTER “a” BRI E] AT A 3 L
R, PATHE “b7 R RHLBII BH AT 32 25 T
I AR AR BRIV E R, S T SRR Rk 1)
PR A AR s I PR e, Bk R MR T
HHATIONE. BBAEVIAG I Zto, REIER, R
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