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Multi-sensor fault diagnosis method for quad-rotor aircraft based on adaptive observer
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Abstract: In order to detect and diagnose multi-sensor faults of quad-rotor aircraft, a multi-sensor fault diagnosis method

based on adaptive observer was proposed. Firstly, the sensor fault was (regarded as the virtual actuator fault after the

establishment of the aircraft dynamics model and sensor model, the multissehsor fault detection and diagnosis system of quad-

rotor aircraft was constructed. Secondly, a nonlinear fault observel Was designed to realize multi-sensor fault detection and

isolation, and the nonlinear adaptive observer was designed hased\on the Laypunov method to estimate the mutiple fault biases.

Finally, the stability and parameter convergence of the ddaptive laws were proved in the presence of sensor measurement noise.

The experimental results show that the method can détect and isolate the faults of multiple sensors effectively, and realize the

estimation and tracking of multiple sensors fault“biases simultaneously.
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Fig. 1 Structure of quad-rotor aircraft
B, Oxgypzy HPURAARR, RS O BKATHRM RO,
Oxgypzy AEPEAIRR R RIR R R 2 5 VAR W E
IHLBEIR RN R E R M (i = 1,2,-+,4) B4 AMER
LR R R AT LA, Fo AP M, M B B R, M,
M BB BERERe o F (i =1,2, -, 4) N4 SRAT HLM $R A6 1Y

Ftor. RAT AR R 4 NHEE 2 18] K 2R SE AT
1a] b AR B

H AR BT d2 Bl 2 O AR AT B i DO 0 4% 3l ) 2
BUUT ATREA Y

Pr = Vg
. 0 0
1;E=EREB(1')[ 0 _CJVB}" 0]
-U g
7 =R (4.,0) @
J, -1 1 (1)
7]—5‘ qr ]_ITd)
w = J. -, r |+ L
Jy P Jy [
J, - 1
7o) L

Hebom 3 RAT AR T 8 5 N MR p, W BRELR AR
THALE, Hpy e R v, NRMELRR FTHEE, Hy, e R,
n=[¢ 0 ol SHFIREE: MADSRARIL A0 =
[p g r1" GrRIFRNIRE: DS A BB T, ), J. 5
R ATAREGE oy 2 FIR R SR & U o B e E L= A
BT S13 Ty Ty T, AR AE T RATAREE x.y 2 B9 RS
B IR s e PE I THLR IR Sy s, BRI R Eve
DUARAE PR R vy vz I B, Hovy = [uw v w]’;
Ry HEMR AR R B R AR R R AR, B

cos @ cos @ cos @ sin @ sin ¢ — sin @ cos ¢ cos p lsin) § cos ¢ + sin @ sin P

Ry = | sin g cos @ sin ¢ sin @ sin ¢ + cos ¢ cos ¢ «sin ¢ $in A cos ¢ — cos @ sin (i)] (2)
— sin @ cos @ sin ¢ cos 6 cos ¢
R, ($,0) FRHLIR AT 3T e e B4 A 1 A Aot = {0, <1, (8)
FER AR, H . ’ ’ 1, t=1,

1 singtan® cos ¢ tan @
0 cos ¢ - sin ¢ (3)
0 sin¢ /cos 6 cos ¢ /cos @

PUBEE oA AT R B R A AR SRR LR
% 4t (Micro-Electro-Mechanical System, MEMS) 1% %28 41 3
Bhpe SR, 0 BE I S AE b LB U B B2 0T (Inertial
Measurement Unit, IMU) . iX #6 f% 48 7 0 e B 0 A’ A7 4%
HIFALE SRR S RSB ER P REE EXREENEME
I TS BRI R E A RN

y.(t) =a(t) +A,(t-1,)b, +n,t) (4)

y,(8) = () +A,(¢-1,) b, +n,(1) (5)
Hpy, (0) AN ETHNEE,y, (1) 2 EErREIR ]
{5, b, S BE T B R 2 E, B, S BE RSO
BB IR 216, (¢) \n,, (o) 5330 Ry FI00 5 B8 R0 B MRS iy 0
B (1) FR7n J0 M 22 8 -5 0 B2 MR 7 Ik o s 8 31 &2
fH,H.:

a(t) = =([0 0 01" ~¢,%,(1)) (6)

£ty 3TN R BE T AT BE R AR I B ) A AR RS ), A, (¢ -
t.) Ao (t = 8,) ReRT LS (E A B ER R %, B -

0, t<z,
M=) =

R,(,0) =

(7)

19 t?ta

TESEBR MR T, 2 B TR FE SR AN 2 A B BE 5, e
fWZEMH b, b, W R/NEFAS [B] 218 #2810, (B 7E S i (8] AT Y
R AR/ BRI, 76 2% 8 4 e 1] S 5 e 1] Y
A I AR 22 (R R R B TR U R

B3g 1 s TR IR R R 2216 b, AT b, 3
HAHEEGED

|6, 1< b.,1b,[<b,]b,[|<b, (9)

|b,|<b,,|b,|<b,,]b|<b, (10)

Hrp:b, = [b, b, b,]" FRIMEBE T HOBRIRM2E(E b, =
[b, b, b 1" FRFEMLH K REIRZ

B2 R (4) M(S) FE L MERRE n, (1) 0, (1)
BHERNFRERES, B E(n, (1)) = 0,E(n, (1)) =0,
E(-) NHHBE T

b BB AR AR AR 2 T I e 3 Ju A AT AR R AL B T4
LA AT EAGE], B RGN TR AT RN A

¥, (1) =pi(2) +d,(1) (11)
Hep.d,(0) HFEMERS B E(d,(1)) =0,

2 ZERBHERNEGLH AR

Reansl(5) F(6) FrRpfE BB AP IEE TA K
Fransl A AR .


http://www.joca.cn
http://www.joca.cn

#9M ZEBRF ATHESUMNBENWHELARITE LB ABSEBLW T % 2737
0 X =AZ+f(n.y,) +L(y-5)
‘;E = REB("I) Y. +10 —REB("I))‘IZ b, _REB("I) n, {§ - Cr (14)
. g b x o x BAETHE, Y 8 y BORETHEL, L, 9 VL0 258 55 4
N =R, (6.0)5, - R, ($.0)A, b, ~R,($,0) m, HLIC,A} REN, U L, AT A BCE B 7 Y AT BT
']7 _JZ(yq _)L,,,bq —d,,)(y, _Amb, _d,) LT _ %XA§~%%§{ﬁ§%1jE%$ y E‘J{Ei‘[‘ﬁ%ﬁ%u%
Jx JI ¢ x=x—xyy=y_yy'jl\ﬂi
= J’.]_J”(yr—)Lmbr—dr)(yp ~Mb, —d) || 1T, {52 =4, x+g, (i b, +D, () ~Lid, (45
’ 17 y =Cx +d,
]I.]_]y(yp _'\wbp _dp)(yq _)‘wbq _dq) TT‘P ;iq:‘:zl =A-L C,Hmf&ﬁﬁo

(12)
M (12) AT 1, s FETHI & R 22 2 A R AL
BEAEE R IR, TRE RO & 5 Ay 22 i B
FoNERBLA A HR B TR, Wi, 2k I & A A i
ZEHIR AT LA A B AT B R . At FE D BE R T
N RATRRHPRE TR, PR L REF i B AR A, R L2 [B]
FEEME AR
RYE Bk iT, AN T IR R A RITHR I Z %
JRAS TR [ 46 ) 5 32 W 2 48 ( Fault Detection and Diagnosis,
FDD) RGEZMINE 2 Fin, HAE FDD RETLIHAIIGE A K
GEH0 53 A A I 5 R B9 FDT R 8 s 22 (ELfiti 3 ( Fault Bias
Estimation, FBE) Bi&f4). K& & 88w H 7 5 5% s
R EAAIES FDL A8 A . SEHEFH T, WA~ FDI 435 >k
SEI o TR R SR AN £ A R P B A S RS, — B
Hop B I B R, 0S5 Z XN FEB SR
FEXT B RRAR 2= (B A Al 11, AT HE 58 /AT 245 I R L pias s ae
H1L R TR Re B SR 2.

_______________________

VRS MR
BT NREE N
| R T
CTLRE ||| e | {RTHE
Bl o e || 1 Gemnlie” ||
I [ Fp—— N R |
5% &
A FHE %%éﬁg R B 1E

2 ZERAERN SRS
Fig. 2 Structure of multi-sensor fault detection and diagnosis system
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