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Fault diagnosis and alarm based on knowledge
for take-off and climbing of fighter

Kong Qiuju Hu Shousong
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A diagnosis method based on rough set theory and neural network is proposed for take-off and
climbing of fighter. In this phase, the data are large and complex and high precision and real-time diagnosis
are required, therefore a scheme is formed to diagnose fault style first with rough set theory and then fault
degree with neural network. Appropriate discretization method and reduction method are chosen and a few but
enough decision rules are obtained, which can make the real-time diagnosis program simple. Real-time
program with diagnosis module and alarm module proves that this method can satisfy the requirements.

Key words: fault diagnosis; rough set; neural network; take-off; climbing
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TH AR IAMEHEIER A B ATEFEHMATEEEL NP R & IR, R BEER
B SEAEREERRAES HESE T MR, fES SRR AR H B g R TEED Y A IR
¥ B ok B B LAY KR R RS A AE R KA SR ERAT S, AR &K, Xl FEE Wk, &1
RERABIEE/N WS SR &, B, A SCRAHE S BP MM HE &, 5022 W ik, 6
il T 2 PR P RO R T R K

eSS ETESICF T NEART A BIRSEH PR EIES, B AP & 8 IEEh R
— NN REE N R, EB IR BN T8 R IRERFREFEMRKES 75, #T—
R L FIECGTE, BRI &AM A5 AN .

FLE IS XTSEUIRRIB RS SATLIREHN S = (U,CU D,V,f), X8 URMEMES,CUD
= REBHENRE, FE CHD AT FRMFBERMICRELE, V = UV, ERHEENES,V, BRTRERME
r€ RMBHEEE.:Ux R - VE-TEERBEREUTE—XZHNEEE. & CN D = ¢, WK
S HRKERG. FERR, AU, C U D) BREERE.

RIKEG(U,CU D), FRZITTXKFEIND(R) = {(x,y) E Ux UlIVrE€R,f(x) = L) ASH
ARG HERR A U/IND(R) , EMBR T UL B Uh 50 % e € UXTRREREFNWTE
MREGERN L(u) = {uw € Ul(u,v’) € U/IND(R)! . AR U BrERIESZ U/IND(R) HIEE
AHERRRI T BIRIRER D MENLX ¢ U/IND(R) PERIXRES, & XK MEH R 45X Fok 4
K IEHR POS;(X) = R_(X) = {x € UIU/IND(R) c X} . MR F R c C,VX c U/IND(D),H
POS.(X) = POS,(X) W L, EARFEE R ¢ R, POS.(X) = POS,’ (X),FR T4 R HRLEH— /&
2 T AEARNERICIE Swu(C), C T AN EFRAE,IEH Swm(C€),S54.(C) =N Su(C).

2 ETHEMNEEZSEIRANAZHNTR

2.1 SRR E

P EF & AT LIS B & F & FERVBERE , 0 TR0 E T8 TAE &, 2020005 R RRAE #1742 B LG B fe
PR B BOBR R AIE . 3R £ B ARG X s R G 4 R URUR S B 9 S 36 H5CHE 93BT , A SR UKo il e o oy e UG
HiD 4 alpha, ¥ beta, 7RE¥E M phi, ATA psi, ARFAEE p, q, r, RIE N HBERE.
2.2 ETHEMEBUHEBEHICAHZE

iz ARSI PR R AT, BOR IR R P & E AR AU R X . R R P e R R s R R
J& MBI E LR BUE (F SRR ), WITEAL B AT A B AL . 3 40, SEbr b i B8 SR MU AR K, BT
FE T R B , SR BB A S e B SR A AT AL 2, B[] 023 ] A BOR ERAR K, I ol iX L R SE IR
PERS UL, B AT LAE SR S P ST B KRS

B HALTERE AN RGP R E X EEMEM, P AL EEA I E R EBR D, T HS 2R
R 38 N HEASSR AR B A R S E AR S A R ER TN EBEEE R LNE
KRR, ik — S s LB S £ R4 2 MBI AR AR 4B R AR B R & RER
FHERRENAT LR ATRIRTE T, LB USRS S0 SR FE R TT.

L B B R A B AR BRI R BT SRR G P S IR B 2 i T s B AT S S R, R AT B
VUERE R & A S S AT B R RO RS T &, BRI BHRAE R P T R DO S
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EIRRE RIS T N E B .

P R SRR G, L S B g R B T S TR A BN, C RN SRS

F1E P =L = (Ul

F2 MEBNce CHE W, (c);

F3H  BEFE W, (cpw) BRREIBIE o MBI PH,P = PU fe! . C = C/epmls

Far WX c LR, BENENTH XX BN LhEEYBENE X, X, B L

£54  WR LPITAMENREIR R, WL, BRI 2 4.

X BRI R TS EERE RN & nlogn, BHEI Z BN kn(n NEFEE, £ NBHENED) B
B TRKAE L, 1E B & AR R KNEE R
2.3 BHYE

BRI YRR — 1 NP ST &, X SN BE ZoR B R IS W B 4R i T 8= 30K . AR SO A st %
¥ % (generic algorithm) SRR R A B/IMAT ARG B 0015 BAHBR SRR RBUT — R 5145 6wk, A
MR KRS T SRR L B8 N B ER A A

|Al - | B]
A

|[SinS|SﬂB;é@|}

S| (1)

fitness(B) = (1 — a) x +axmin{s,

3 (EERESER

1) R REAE R B R A P S A R3]
R PR IF SRR A 45 51, 6 4% alpha, beta, phi, psi, p, ¢ Flr AEEFEEFIE , BERIVE AL E RSB R PRI RMR
PE AR SCHEER 5 PR AR AR LA A 77 R A9 IERYE, R 1R R 0,1,2,3 4, I E A E R R R KR
P B — PP RS TR A AR A BB BT, A SO B — S0 R R 1 A 8 B of 7 AR B , 7 4E 1 800 4 %K
ST TR RE SR, R TR B EULE% RNK 2FTR . ARG B9 B/MI 294 | n_ Alpha, n_ Beta,
n_ Wx, n_ Wzt . HEB/NET 2915 48 ZRDCRALN .
: F1 ARENECRANROVGEMIBRINRESR

No. Alpha/(°)  Beta/(°)  Wx/((°) - s7')  Wys((°) »s7')  Wz/((°) - s7')  Psi/(°)  Theta/(°)  Phi/(°) D
1 2.565 36 0 0 0 0.061 85 0 15.108 5 0 1
2 2.561 61 0 0 0 0.060 55 0 15.11 0 1

200 2.45556 0 0 0 0.022 07 0 15,1557 0 1

201 2.58014  -0.0026 2.781 16 -0.3008 0.787 36 0 15.1176  0.03578 2

1 800 1.94729 -0.16378 1.894 36 -0.4122 - 1.5037 ~0.0048 14.59006 2.90545 5

k2 HBUEHRER

No. Alpha/(°)  Beta/(°)  Wx/((°) - s7')  Wy/((°) - s7')  Wz/((°) -s7')  Psi/(°)  Theta/(°)  Phi/(°) D
1 0 3 1 0 1 0 0 0 1
2 0 3 1 0 1 0 0 0 1

200 0 3 1 0 1 0 0 0 1

201 0 2 0 3 0 0 0 2

1 800 0 0 1 0 0 0 0 0 5

2) P A R 15

BRI HER R — M E R EREREEE AR, T E— P E 2B T 5K, 8RR EHE
BOLMRAMRT, A BP # 4 M4 sl LLRE 15 I ZREE 2R

3) LA LA FRASF A P S N A 2R AR I SRALE T C ++ 1B F B MR AFT LR B 6 19
— AN RS W B P i, R 5 AR ORI TH B B AR S FE i, AT LA ST i R o TR B A TR
B R 2 R R R ARAE X 3 M SA IR BB R, R IR AT R RHLE LR T R AU
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B RAT G PR AE W M 1 RN SRR ARG B AR B R AL . A SE B EURR R ik B AL BR A, FH ke IE B
HURE 2 W R AT LATE 0.5 s AR I ES R RSB E (U H BoRTE 1s Z ) . MR R RS W7 IE 1 36 15
100% , B 2 W 1 W R 1K 95% , 58 &1 & 0 B 92K .

4 4 iF

FrarLRIE W BB, B 5 R AE B, AR E K, RS W BOR M HE s, SR PR AR, A SR —
FivHEL 52 Fn e 22 P 28 MR EE & RO T 2, AR BROX — ()L X B A AR R (o] 295 BB AR AR ) T I A0 ik, AT i 1
7 BHE AR CIEF B Be i R i2 W . SER AR O FLUE PR AT LUK BIRE BE FSER R BOR | B0 B B AR e e
% RAT R LUE R, (815 T 5 AT RURGE A BOR , B 1R SRR R A
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RMEBEATHZREHSE T R LT —MHEXEBBEL L AR ERFRHAFT R EAFZRE LB TELR
FRREFEMIATERALET AGBAARAFIM, FELARTHLGEHNZ T FHI BB ZBIL . ADH
FTEROFERBELZARAEBRXZRERELEONS, S TERRELE LARZATFIIRGELRREZLY
iR £, ARMEM D EER X P4 H B (Self-organizing fuzzy cerebellar model articulation controller,
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Neural Network Dynamic Inversion Control Based on
Self-Organizing Fuzzy CMAC Neural Network

SUN Guo-qiang , HU Shou-song

(College of Automation Engineering,

Nanjing University of Aeronautics & Astronautics,Nanjing,210016,China)

Abstract : A plan of model reference adaptive tracking control for nonlinear systems is introduced based
on neural network dynamic inversion (NNDI). Two “choke point” problems of the dynamic inversion
method are solved by using neural network to get dynamic inversion model of nonlinear systems. The
abuse of neglecting nonlinear relationship that can’t be neglected or replacing it with linear relationship
is overcame in designing model linearization by traditional control method. Self-organizing fuzzy cerebel-
lar model articulation controller (SOFCMAC) neural network is used to regulate the error in the plant in-
version due to modeling uncertainties and disturbances. SOFCMAC neural network enlarges the space of
searching the optimum and make the inversion error of reconfiguration better. The exact robust adaptive
tracking control is got at last. The application of the method in Attitude Command Attitude Hold (AC-
AH) of fighter is studied by the simulation. Results show that the method is effective and practicable.

Key words: dynamic inversion; neural network; self-organizing fuzzy cerebellar model articulation con-

troller
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ERRNVEHRSSEREHBEENSES . EHTHR
W4 SR R AT R R AR SR M AT E B B R,
A.]J. Calise 4 T —F EF Lyapunov 4+ 49 B
BERE R R, HENMKZHERAS T
EYHRENAELMEME TR, XHMFIEET
1998 4F B K 7E X-36 SE it T B B 2 WIEHL £ # AT
THRIE. 85 REV M ERE RIFHLAHEMIRE
ML EZFRRE-METREAST REER N E
il 77 28, B3 A B S5 B 29 3R 4% 42 % R ) 0 52 B 4 o
HIE K, LR R B R HE

KK FAMEMEHEENFFHVIERERR
R BRTHEEERE T EW M0 E, HE
LR T A& 45 R R o o AR R LR AL, AT
BARZRWELEXRZAALKEXERBERELR
G F) B8 i

1 RGEHAR

ZRINTELHERSE
= f(x,x,u) (1)
K :xERuER;x HREGRE ;u FEEX
HMAEY., REESRFTRWOEL iR,

=
%
i)

x| Z
- #

SOFCMAC|~—2%

Bl FHENEKERESE g ENREEHRE
&M

BZHARFHNISEEMEMNEREAHFSHE
RGEEABRMNRMERSE ; S HERI LML B a5 %
BB R SRR SEATIRT; B HSERR/N R R
37 425 1 2% (Self-organizing fuzzy cerebellar model
articulation controller, SOFCMAC) # 2 ¥ £& Fi &
iR, B A B AR R RIS B ER MR
RERE, AHRES x BESEHERE x..

1.1 BETFHEREN« BRTHEEHRET

FM 2 W &L p A TR ELY
Crbh 2 4% 15 3 3B UL B R R B ) AR A
2 0 2% 4 ) 2 L A SR 2K (D) AT EL AT , T A
BEE M TR

FIE TR, 55 BT M 2 N 4% B A5 1 0 T S 0L O O BB B 1 517
i =v 2
B v = flx;%.u) (3)

KFvER KhER R, hEFESH3 B4
AR
V=V + v — Vg (4)
KA vm=k. HSHERERI =4 v, NRIEBH 20
H5v.08 SOFCMAC M2 Mg, X Mpaf
BT kER
u=f""(x,%,v) (5)

FAH 2 W) 4% 55 20 30 25 06 5 2 3 A X P 4% 2 AT
Yk, FEME AMEXREERG) , ANTIBERSE
BRI AT, 8 fx,x,0) MBS TEAREE, 7]
PLE BB f Ces,u) R f (% ,0) DURIE R BUEH 2S5
W R ML, BT 5] A B3R 2 B SOFC-
MAC #2 R 43,

HENESERNRETHFEINTLHBEN
FREGE . UTEINMMERNERSBIESL 3 NF
AEMeMBRBERE . ACRA BRI HARAT
ZH R fEREMZE MLY%, © KA Back propaga-
tion % >J S 1 £ E B 1 B 4% , RE R 4% 0 E H0m
BEMTEHAE,. EAUAEREEELERENE
ARk R . N TERBEEE, TLGE
o 38 W 48 2 B ER BB R M & ST B H B 5 i L (B[R] B
i W 4% B ek, LB LR A 8 IR E M E Fiil 4k
BTEREEMEZR LB EEMETHE. BPE
BAFRMES ,ASCRAES ARG H A
E g o 22 W 4 %)y A\ / S S PR A 4R, X BP 4% Bt AT
BA&ING, BRI M EPUER R ELER S PEL
AT

1.2 HEERENES

BAFRMEMZSSEEES RELER
G SR ERAT R , BLM R — DR ERE R G H i, X JROR AR
KUERENEHRRBECE R LA ZEERENE
HEE, BEYERSENAFEERS, AR
MBZEE, MEAENAERSERRSRE, T
EitrmeEHERSERAENES . RETEAR
SE. B, N EEMERRENREHTVLERN
SA RIS EHBMAEER SN hRERE#H
7 IR BRI
R EBY RGN, SERE Y
En = frmn(Xps X0, %, %,) (6)
K x,.,x, ER,FHASHERARTIESEWA
REWEREe
e=[(x, — )7, (x, — )] €P)



