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WA AR AR A AR RS BT 1) b, B0 R B AR hIEIE -, 40 2020 48 11 16 HERM
Vega K KA RFII GBI, 2K F IR AT ES T ARPRPLIE, AT RPERTE, SEUESS R ESA K)
B 7 75 B 0] U PR T HE D R B RGN HAE B SR B TE A AR R Y, X R BUR AR IE S
—MESNER TR S BORIR B 51— A, ISR 453

PPERARAE TR B KRR, 11 2016 F 4 AJK JAXA 19 X 2 PR <l AR ZEAY. 7£
PEBANZEEHEA)G, i faEH OE AR 28 3 DEMER G T 1L D EK D). (HRHE
BRI 6 MSEIRIEA N Y IHBE 7, BEAMBEA S R es:, a4 S8 LA
SE R,

BT ARSI A N2 E ST RADRES, HRMERHEA R, SR Erk 7 AE. 42 5
RYVIFE S 45 GLONASS St T KRR R 2518 hda th, 48 B AT A5t . BORFHERAE ST, PR
b TR A AT (KT ) S TE] B BT B i D7, A TCIE R B SRS e AN . AR S AR
o i 0o i AP DNt 2 S o, (E S A PR S A e, e 6 S SR 7 B, AL G 7 B
F AN THINTE I, A7 EA 1R R R A AT RE.

JUE A AT EHIRIBE A A2 BUR, HIS T VEAE 3R B SERH2 W A AL BEIE S G 450 . d Tt
BRI JE R, BE T AR ) OO PPN B KT H AT RE I E S R R IR IR
IINRE: —ZRIBOX MR R R, 7 — R R TR MR A, X RER AT Rt T2 R aiE &
OB AT B X T IE SR B RO O, A TR B HLAT A RO AR G ) T, AR R ) B
=, AMENASTHT TR AL A SCE RURIEFE R 400 B2 5% 58 A 17 100 T S0 AR A 25 P i e A QAT
B2 W, HAE WSR2 T 5 T R 45 i EE A

R WT 1R O 1 — M 53 g i TR 1) D AN IR B 4 7532 ). AR TR T v, AR AT LA
AR I e PR M ) 5 R B0 B T SR AT 12 07 W B KBRS FLaR, Dy 7 T LRI 2 R 3R 1Y
BR, FEAL PR AR S RGeS 5 B AE A s AR AR R B AT A, E RSO i B AR PR LU, X A2k
PRI A I RESR M — N AR TY; Uk, F TR A AR B 2 X AR AR A« RN e 1 L A% s
NsE 7 R PI0 ) B e, A4 5 S8 3 ) 1) R D Ao R R 2, Tt 3 B0 DA E R 0T B
I B, A AT Re Jo ki B PR IR B B L. JF B, BRSO R AR PR R T F, BT AR IR RGUR
B2 W o2 X 7 R R SR AR, 0] 428 i) B A 2 AN ).

HOEIK N 1 D7 A8 R R O R O 2 BE AR B A R AT RO (230 32 R A o DA VE B 56
B SRIUECERAY | JEE (R ENEE) BN (A JEERYERT . WA RS SR EARAR
FIAT  AFAEECAT PLIRAS 56 AT iC S I 2 50 A0 = B R HE W 351 &

N LM% (artificial neural network, ANN) A& MEHE o 2% 2] B 48 REuAT NI — Fh 8 2L 1) To
BT, CAELHEMAELME R G LA T2 O EUR. Bl 5 E 2 A B SE B Rk 2 2]
G, MERIEE S, BRI &2 ANN ZUA T R M4 (back propagation, BP) fif
224 7 KIEHCIZ M4 (long short term memory, LSTM) 8] FI R 28 j % 19-10] 3% = K x| 4% &%
PR R 3 7 N TR e AR Z ATV N . — ficHh, BP #4828 ISR 28 0 280 B FH T # s
B b s b, Lo MR 525, B FRRINAE BI~18T et -4 I 8] 5 ZUR PR AR L F , A 112 100 2% 12

2) N° 33-2020. Loss of Vega flight VV17: Independent Enquiry Commission announces conclusions. 17 Decem-
ber 2020. https://www.esa.int/Newsroom/Press_Releases/Loss_of_Vega_flight_VV17_Independent_Enquiry Commission_an-
nounces_conclusions.

3) Jeff Foust. Human error blamed for Vega launch failure. November 17, 2020. https://spacenews.com/human-error-
blamed-for-vega-launch-failure/.

4) JAXA. Hitomi Experience Report: Investigation of Anomalies Affecting the X-ray Astronomy Satellite “Hitomi”
(ASTRO-H). May 24, 2016. http://global.jaxa.jp/projects/sat/astro_h/files/topics_20160524.pdf.
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Bz, RO TR, X e AR ANER T A R B AT R 160 sk L H AR T
sl g et S R ) ANN AT AT B R SILEE . AT AL S )2 i o1 il G s
R [4] R ZSAR T AN [F) B AT 2 77 A 1R 5 00 A5 50 AN [R] R AR FE I, R0 I 8 &y 4770 SRR ). X
7 2 AT B AL, AT B SN ME R SR AR, 7R LR M BEAUK.

ARSCE PO BB E L THBC AT T R B R R AR TT R W, BRI O A AT
BRI R 2R M A E B 75 — DM PAT O, B 2 Pie R =G JRE 2 W5 IT R i . A
IR AR T, 2 TR AR KB 1) FDI (fault detection and isolation) JiEAHEE &, $E7+ T X £
F AR A IS R % B B SRR T 2D (R SRR AR 0, R A B AN i 1 AR 0 P 4 i
TF, SR T RN ZRAR I8 R A A ST V5 G P el P K I T 12 D0 2 4 4 4 ot 8 P I ) A4 RS
P, WEFCR R & ST M IE SIS FEAR, 70518 T 52br AT N I R AT RedE; JFECG 5T BP
R DR 28 TR R AS A IR B0 T e i DA R S it 28 A (10 I T AR DU ) 3 vy T R FH T

ALJGBNE RN TR, B 2 A ARMERRIPR BB, 561 he 7 KSR S 1)
BB, FEMLEERS B T MR AT R TR, BB B E VER TR — o A A, T8
A AR T SR & (Monte Carlo) 11f B AI3E T R FHAH-& HSRIAAE HL07 5, A8 imy Ml 258
K. IR THRMEFHRE AT Z, AT RS 23 (extended state observer, ESO) HER SRR
P IR, 28 3 TN T AT ANN BB FIZNS PR, 5 4 TR0 5o Aot
ECPIAP TV O ROR, BERPTT 100 M 7 ANF 22 IREAR LA TG ESO B B Z 5. 55 5 15X @30T
T

2 WMMEIRAPER
2.1 BiRESEIHER
R IB B K F RSB TR, W] ARy 1)
AX + BX =CY + DY + U, (1)

Hop, REFE X = [wy wyy wa a 810 BEEA Y =[5 0,0,]", SWTHRAE U =
(31, 31, 1,17, AR

00 b7 b5 0 00100
A=10bY 0 0bY|, B={01000],
00d 00 10000
B NFE P
0 0 —b5000 000 0 0 —by*
C=|0 b0 000, D=1]000 0 —b3" 0
—dz30 0 000 000-d) 0 O

ERIEFER w,,, wy,, w2, DANGEEE 21, y1, 20 SETAIEEE o, 8 8 VAT BRI A 6y, Oy,
Sy 3NN« i RBIEITE R A SRS My, My, My, 23590 WL RS0 I8 E i) 454+
PAHE. AREHERE R bF, by, df 43R =IBIE S ELJE I REL, bF, by A BN fRATEE <)
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1 fEARR#AF L SR BT HREE

Figure 1 Typical layout of servo mechanisms and engines

IR MONFERER b, by, ds 53 B = IEIE I MR R AL, 040, b5V, 4y o B = IEIE R B
FRBNHR 7 AL T R L

Rl AR WU 215 B A SR LR B R A5 O PHIA S it ] . 22 1 42 ) 5 Rl A5 21 ) =38 TE 8
2 b (m =, 1, ~) RN KPR SEEMES 65 (0 = 1,2,...,n) KIRRAT IR A

O = f(65,05,...,03), (2)
Forb, n FORMA RN g0 =, WU KR f — RO UR
2.2 HPERA KRR
2.2.1 RMEFEERXHN TS ST

PATHUII & B, BRI (2) BT £ RS, TSGR B WA 26 R
DRI+ FRARENI BRI HERT S, 4 & fIRLHAIR & R AU S I 1 i,

B 1 B B2 RN G RN, K6 RBE S T B FRBLGE TRUAZE, S R
9 52, s4 IERBITHAINIEED, 1, 53 STE LR T ARIRITIZRY, o1, 52, 53, s4 JEIRL PRI AR )
. 65, 05, 85, 05 SV TREEIR &, 1 6, ARURFIRBLION S LR AR, MK FERIHE
ML 4 5 IR A 2 I IR BE6 st (3) A1 (4) B

BFEHTE

58 = 6,45,
05 = =0y + 65,
(3)
65 = 6y + 6,
55 =6, + 6,
67 of ail ai2 13 ai4 of
o5 o5 a1 Q29 A23 G o5
2| _g. | %2 _ |2 a2 a2 axn N @
o3 5 a1 a3z G33 (34 0%
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PG S R,
AE T3 0, SKBRAE A TS5 R B PRI A0 03, 03, 85 S5HR% 6, 8y, 5, — 3
8 5, 0.5 (33 — 03)
sl =100 | =F616.8.00 = | 0505 -5) : (5)
5 5, 0.25 (85 + &5 + 65 + 63)

A A WA 48 2 AN SE BT BRI Zh A 2 TR IR RS 2R B R, W S AN SRR, 140

0010
0001
1000
0100

HIFs)
o7 = 05,
65 = 04,
03 = 07,
05 = 03,
T R R i R ERCHR A B T 19 B SUPRAE.
S ARPALHRE (RIXTROCREEAL), K SEURD . WATARS) 3 AN B IE LI 8 2R
o B B A IRALAY b, SEmm R AR e . X PR R AT 2 K
(1) [Rl—38E P9 AL, Qi ez e TE N A A IR s2 5 s4 $B 24517
(2) AN [ 3R [B] RO RE AL, S AP 42 o S T PR 4] IR s4 5 (i A 428 1l el 1 (] IRATLAG) s1 48 2L
SE AR IRALAG 2 2 R SR K P S5 s b o, TR i 5T vl RS H AR 07 (1 B SR A B0y 8 Fil,
W1 P, FHFHEX 8 FhRp 2 Witk S5ar iR mite. e i e L.
TEX1 SRS R f, B F MRS E LRI KR £ £ f, WIRRIZESEEAE mT2 W
o f = f, WFZ AR T2 W
ENX2 FIEAFEWESBIMS R, WRAIEATM R F A £, 15 £ = £, IR B FR L
e i AN TR .
R P2 W RO W AR TR X R, JRR IR KRB e e AT iZ W A (3) FTLLE
t, Bk 8 FhlRadsae = A AN R T IR E RS L OC &R, B a7k 7= A | T IE RS 1 ge0 iz 3.
AR G AR A A A PR e A T E AR X 43, 3K Al SR o = A (R B A 56 SR AN AR E ). TR T Mode3
1 Moded PiISHRRAS L, FL o3 il & i P P g B 4 067 T2 X2 IR JEV X 40 ). LA Mode3 Nil, 4k
FERIESR S 3 “s1, s4 EAL I, BRI 65 = o5, 05 = of, I (5) B RILBrIEHIEA 65 = 0.5(55 — 55),
85, = 0.5(05—05); R A MRS T 4 “s2, s3 HLL7 W), B 65 = 65, 65 = o5, I (5) A 65 = 0.5(55—65),
85, = 0.5(65 — 65). BRETE2 3N (3), FTLUABLPIRN e T SR f I f R ) = JliE 2l $ h 2 —#f
(1, B8 65 = 0.5(8, — 8y), 65 = 0.5(6y — 8,), 65 = 65, LI PR PSR TEVE M. SEBAH, Moded
X NG S 5 “sl, s2 ST SRS S 6 “s3, s4 A FFEATT X 2. Mk, 8 Rty 4
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x 1 EHESHERZRANEXREIRTE

Table 1 Error classification between control commands and servo swing angles

Failure

Specific form Error type Diagnosability Identifiability = Mode no.
no.
1 s2, s4 reversed Yes Yes Model
Reversed in the same channel
2 s1, s3 reversed Yes Yes Mode2
3 sl, s4 reversed
Yes No Mode3
4 s2, s3 reversed .
Reversed between different channels
5 s1, s2 reversed
Yes No Mode4
6 s3, s4 reversed
sl, s3 reversed and s2, s4 .
7 Reversed in the same channel Yes Yes Modeb
reversed
sl, s2 reversed and s3, s4 Reversed between different
Yes Yes Mode6
reversed channels

T 6 FhEH & X T IEFIRAS L 28 £, 168 Model~Mode6, ‘BT T ZWI). HpH 4 P
Model, Mode2, Mode5, Mode6 & R] R A, T Mode3, Moded J& JoiE R A EAR RS ¢ R 1.

2.2.2 {FEHEXZIT

K ANN BT 70 RHR T A AR SRR, IXATHRYE 2.1 /N5 LB s i A 1 A5
B, MGRR I EAEAR. 5 BAEAR I T R E A MG 1A R, JLRT R 5 Sehr AT A ), B AR
T il o A e TR0 T R, B S FERR R S 80U w22 B, AT A £ S PR B S 407
2= E 4 FE P . RIS, Sl O s i e 2 S R IRV U 45 SR 0% R, SBINT g 540

TERRFRIE DL T, B FIMERAS & A — M TR SR, XX T ANN Ml A g, BT
LA BT N AT 2 FE 5 S Y e 22 AN TR A1 10, DRI, 45 b B RS Y S 5 (R IAA L S A
R SHL) . ST EhE S S S H0T R BREBENLR R, 2B SRR A B 1 SRR
SR ZE B TR TRNLA G, &L i B IARIRAA, ZFEARR N D. filln, ¥
ZHOE, bY bE, Y, ds Sy BIFERE AR B 20%, —20%, —20%, 20%, —20% FIMm2ZE, S0k R4 5%
SR B 8 25 40 E 50%, —30%, —20% M2, BRAEAS R E0H i 22 20 AR PR B R ARER. 25 2 2%
RSN S HU 22 75 1N BRVE A SR SR i SRR B LI L, 2 AR A ML B4, bg, by, b%,
by, dy Sy HIAEBUE M IER_ BB —5%, 8%, 10%, 15%, 6% W2, #iik R4, Sah R, 616257 5
B —25%, —3%, 15% WifR 2, RIS RECAIImZE 3552 75 b R ARBR PYBEALEUE. P RAEAS 1 A me oy 0
% 2 fR.

2.3 HRMEFHANEHE R
2.3.1 FIRERMK

RSN FE B S e 1 A 2w P S S AT R R, DR A 25 A N LA B A 2
19028, Fifk B S S A AR R 008 . ST I8 SPET P00 SRENTIL0%E . SiM T
ISR, HEUUE AR AR H LR & AR

(1) FEKFHE CJa R LRI ] Y, KR RN, SEh TR AT L.
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x2 BEBEERFR

Table 2 Generation methods of two types of samples

Parameters D samples M samples

Random selection within [—20%, 20%)]

Aerodynamic disturbance b, b;z’ +20% of nominal values ¢ nal val
of nominal values

Random selection within [—20%, 20%)]

Structural disturbance M, My, M, +20% of nominal values .
of nominal values
Random selection within [—20%, 20%
Rigid body equation coefficients bgp, bg), ds +20% of nominal values . [ ’ d
of nominal values
. . . . Random selection within [—50%, 50%)
Elastic equation coefficients +50% of nominal values .
of nominal values
. ) . Random selection within [—30%, 30%)]
Slosh equation coefficients +30% of nominal values .
of nominal values
) . Random selection within [—20%, 20%)]
Control gains 4+20% of nominal values

of nominal values

Failure (F) Detection (D), Isolation (I) & Reconstruction (R)

Estimated
moment Diagnosis Re-construction
_.m__. (%1)1) — B algorithm
w ! (R)
N S S S
Desired moment l w* f(67,63, 85, 6%)
LV dynamics model
+ o
Pc Attitude u I Control torque g .
Command ¥ controller Control distribution Control
input output
L { IMU
Attitude
Rocket

2 EHRERMPHRSERIENS R

Figure 2 Thrust vector polarity identification and control reconstruction scheme

(2) ST SR IS 1% 45, [FIFEnT DL,

(3) #ME. RN THIIFEAER R 22 V0 Y, SO R R B S 30 R HIGE B RAT A% e 20,

PR, 2 BORRT g R A 2 2 20 il A b R S 3 7 A B ) g R 38 I A 40 #4432 LA
JIFERIMG T, G5 TR R 2, AW ATR S LI IEm L. e R T ) R E AR 51
| AL R ST S, i 2 P,

Kl 2 B ANN HHAFEARKER B IR ETRLA L T4, AL IR (A1), &0
BRI R I R I P o 0 D) 2 2 8 2 RAT 00 PP AT SIE I P R AR, R 2 T S A ) [ b 1
TE 2R SR A I B% 28 5 B M) (fault detection, isolation and reconstruction, FDIR) [FFFATALER. RAHY 7K
AWM (ESO) Attt KT 5L bRz 3 B )56, X e — M TR 2 WrBoR, HSERr R A 707
HABEAT AT ANN AR S2 AT AR — /N B TR) 2 51 (R e N EAT WA R 20 28 5 IR, 6540 B Y e A
UG, X R WU 5¢ R BEAT B8 7 .
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2.3.2 I HARTSIUN 2

H Pz 2 75 HHR TP 00 R i 3R AT )M 4z ], FLAEVF 22 8 AT B A3 17 R Th o FH AR 98 ol
B 2L22 0 R ARAZ O 2 Y ORI 2§ AR SCRF JE T4 5K DR A W0 I 28 1 108 77 2 Sk - AR 1)
iz 23241 B (1) HeRAS R KT = IRIEAEAEE @1 = [w,y wyy w.r [T AEAT SRR
PRIPIRSAR &, T AH E KB HLIESAR M i IE R, M AR A M LR Bh 7= A i3 ) 156 Ve A T3
—ER g, XEARRBINIRAE SN w = [ 6, 6y 0, |, TERITIFEREON b = [—ds -y -5 1" 530 (1)
TR BTSSR PO A A SN S) w(t) = [ Mpx bYB + Mpy bSa+ Mpy ", FREIHL
B T E NS v (1), MITTTTRE (1) ATRAS A

z1 =7 (x1) +w(t) + bu. (6)

FEFAR A IEEZT FOBHPIRE LR 25 = [0, @ @20 |75 2 g =7 (1) +w(t) + bu NS
SRR, BRI ] R G N B

:tl = T2,
{ o (7)
T2 =g,
St 5 REIRAOB. By = [wrd Wt wd]T R IR AR, DOWIS R

zl
T2 ST ey MEJBRE], XoF S 0 A DN fE St o, RIADIRAS IS ESO(2):

e =z1 Y,
z1 =22 — l1ey, (8)

zg = —lyeq,

Forlt, 2y, 2z A BRI AE | SR E, T BT R GRS R, ESO Btk iy H At L £
B SH U, b (515 e1 = 0, B 21> 21, 22 = .

IKHL, 2z FORTAISHPT I BT, GRS AHhE RO 3 00 ST ST PRI G
FEORIOAHE M, JEAT DI SRR ANN YISRIREESEIT (0 0065 2, H18 ANN EA7 20 2400,

3 ET ANN HoEHE

3.1 EESHEHER

A P R SRS R — BRI ZI IS Bk AW & TSRS ASCR AT BP 4 My 7y
Ry, BP MZIEE R G TR E R AR EIEN Z R AT T, ik 2 ZEHE. BP W
23R P FD S5 ) A% 3 S5 224 A D45 2R e 42 D) 2% mh T 015 B 9 RV EL S e ) B — o B 22 ) 57
%, B R HARLYEEIT RE Az AL RE

WRYE T e T E B, WK BP 2% 10 %% 1% ot FH AR 2R A% 32 R 20, JUMEE AR A 5 e A ER 1R LT n]
U =R A2 kg o, Pril, SE2JE BP W2 R o, anldl 3 fros, Has Il o s id
P NG T W IE R AL RE AR Z (5 5 B S LR 7. JE T BP M M2 BB #R 7 i, e xd 3 —
I 2 RSB R AT 7098 MR, 2L R A AR R 2 18] ] BP e 2% s —
PR QAR LSRR 2 BP MM, HEEHEIE BP 4 ML K.
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Model

Mode6

Input layer Hidden layer Output layer

3 AXFTH BP ML

Figure 3 BP network structure used in this paper

A FNAH ESO MhitHE BAE SRS L, AT R0y 13, 7250 —IBEERSMWE. =il
LA ML L ESO MiH i =@ LA MR . DU AREME S, 7 RAHLESNEEE, WA
TR 100 REE—ARE, TR0 1000 Ft 255 53808 6, B U N — MRS, BIER 1
T 6 i R

B J2 A R (4% 38 PR EUES ON logsig PRIE:

1

logsig(z) = 7 Fapery (9)

Horb, o NET— 255 BINBCHL. 32k s ECN MSE B3

N

— 1 PR A_ 2
MSE = N ; (yz yz) ) (10)

Horr gy, RIIGREAR @ BIARZE, 9; 8 BP MESXTUIZREA @ BITIIME, N AUIZEEARN L ISR R
AR AN 11,0, 0, 0, 0, 0], [0, 1,0, 0,0, 0], [0,0, 1,0, 0, 0], [0, 0,0, 1, 0, 0], [0, 0, 0, 0, 1, 0] A1 [0,
0, 0,0, 0, 1], #&/F5r AIXT L 6 Pk

FAS 7 RAER P FH B 77 T

(1) FRAREE 3 a5 M 25 i A

(2) WIEHNLZE: SRINZ SRS EZ RIMBER R B2 S22 R EERE. BEE
TR B F . R R E A EIEANRE (1, 1] WIRRENLEL, FRRe IR 2. S0 R Bk S IRE

(3) BRI GRAEA: R REERL L T (batch gradient descent, BGD), BITE— Xl ZxH 4 H Fir
A WIFEAR AT S HA;

(4) ATATEE: ARAEEEAE . AUCE A B A, R AL R AT B W g

(5) R FHC: ARYEFEAFR R B, THER R SR, FERL B 202 T SR04 5% ek 00T I 28 A
AR E RS2

(6) & IEAUE M B AH: R 5= 5 . ShEI ‘AL, 8 1 4 A AUE A B A

(7) FEFTEERIRE: RIS ES FBUER R B AL, ST T EOHTE R I 4 Ja iR 22,
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(8) FIWTHIAL e 254 i 22 /N T I 2R 22 BRIE, UiBH BP 83 2 2Kk, 7 N 20
BR (1), JFAE T — k5% 20, BB R I iR 22 5 18 B ok > L
3.2 FISHAHHR

TEISHKF AT AR, BN 20 S8 8] AN A BASL I, A FTI 21 S 5805 R 20 1)
ZHAAA BRI SNE. RlIt, S50 1R BN A IR TR ARORUARF M R A 7 SRR I E 2R R 3R 2 —,
AT L 2 H K I 8] PP AT 53 2R FI TS A5 2001

I 6] 351 43 5t /2 ANN B 2R F At —, R B2 12 KR AZ M 2% 181 LSTM id i
SIANKETTE] ) 223 o0” BERIGIAFE MBS (recurrent neural network, RNN) HH 1456 FE JH R A ER AE
(1 1], 38 RS 1 2% ST )3 A BN AE . 5T LSTM W48 (M ffi il 7 v, il x5 — Bt [
WA T B R AT 43 8, RIZE L — B TA) P (R S a4 ) e R R A (i B A 2 1) LSTIML o) 2% 7
SE PR OC FR . B — B[R] AR AR EAUE LSTM M N, Mzl 2 LSTM M 4% [
vt

AT LSTM Mg it anE 4 fios. Bl 4 PEERNE. —A LSTM HBot)/= . SEEE AN
= (SoftMax). AN Z BT AME 50 MEHIERIEFEA, HIZIA 3 BFEARRN Ky 1s (e dEAFE
AR 20 ms WIMATH 240). LSTM EILEE 50 4~ LSTM HJt (FER: LSTM Hooia SN Z
BRI FEREA SR FF L IRIIAEE L R). SoftMax 25 6 AN A, fi & T RS MR, xR
N A1 A v P D Ay DX 2% B 2 (10 4 H 301 SoftMax BRI T :

e
= 22:1 o ’
Horr a; NAERRIEE § AR, p; N 5 AT RER SoftMax bR LUy tH IRERAE. ar N
BIEREEE kAR, ¢ AR, A © = 6, ATRLEH, SoftMax bR # 1 1E F il A2 K
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Autonomous reconfiguration of flight control under thrust vector
polarity errors
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Abstract Online failure autonomous identification and control reconfiguration are important features of
aerospace intelligent flights. Aiming at handling thrust vector polarity errors in the flights of launch vehicles,
this paper studies the fault identification and autonomous reconstruction method based on artificial neural net-
works (ANNs). On the basis of clarifying the fault modes and combining the observation results of an extended
state observer (ESO), a design method for learning/verifying samples through simulations and considering model
uncertainties and disturbances is proposed. Then, a fault identification design is carried out based on a back
propagation (BP) network and a long short term memory (LSTM) network, respectively. The simulation results
show that both methods can meet the requirements for failure mode identification, which provide the basis for
a stable and autonomous reconstruction under thrust vector polarity errors. By contrast, the LSTM network
method based on the sliding window has more advantages and higher recognition accuracy.

Keywords polarity errors, autonomous reconstruction, extended state observer (ESO), back propagation (BP),
long short term memory (LSTM)
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