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(57) Abstract: A spike echo state network model for aero engine fault prediction, which belongs to the technical field of aero engine
fault diagnosis. The method comprises: 1) acquiring various sensor signals of each flight number of an aircraft, selecting appropriate
sample features of data, preprocessing each piece of state data, and dividing data segments according to fault labels, so as to form
sample sets; 2) constructing a spike echo state network, which includes a spike input layer, a spike reserve pool and a training output
layer; 3) training a spike echo state network model by using a data sample set of an aero engine, and calculating prediction results of a
training set and a test set by using the trained spike echo state network model; and 4) providing the prediction results to an aero engine
detection and early warning device for use. By means of the present application, a future development tendency of an operation state of
an aero engine can be automatically given according to an operation law thereof, and a change situation of each performance parameter
index of the aero engine within a short period of time can be accurately predicted for assisting a unit in determining whether a fault will
occur in the aero engine, such that early warning for the fault is more intelligent.
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RMSE (x107) MAPE (x107)
Hate A
AR | B0 | BR20 | PR | BK-10 | P20

Spike-ESN | 0.482 10.2 23.5 0.0895 2.00 4.82

Ty ESN 0.509 114 2738 0.0981 3.00 7.14
ARMA 1.44 10.2 21.9 0.289 2.37 4.46
Spike-ESN | 0.577 7.83 14.3 0.211 3.94 7.10

T ESN 0.589 8.02 16.8 0.217 3.71 7.48
ARMA 1.63 9.79 16.9 0.664 4.39 7.81
Spike-ESN |  2.68 39.0 95.9 0.590 104 24.3

N, ESN 2.53 40.4 97.7 0.713 132 33.9
ARMA 9.80 703 102 1.84 15.5 30.6
Spike-ESN 1.56 224 46.0 0.417 7.10 16.1

N, ESN 1.75 27.9 52.0 0.526 9.77 19.3
ARMA 5.08 30.7 48.8 1.45 102 17.1
Spike-ESN | 0.527 11.7 23.7 0.0810 2.01 4.25

a, ESN 0.616 125 33.5 0.0917 221 5.30
ARMA 1.55 10.5 15.7 0.280 1.98 3.11

a, Spike-ESN | 0.905 18.1 36.2 0.199 4.07 9.00
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ESN 0.891 18.7 38.5 0.179 3.90 9.44
ARMA 294 19.0 36.6 0.648 443 10.3

Horb, BidR 2 W& SHE SO KEAWHFRET, , KEWURBEEIRIET, , & L5 THEN,
RS THHEN, . KRNI DA E e« ESHIT O, .

W AR HE H, FE & ST, A K B Spike-ESN MR BT L ESN B 47 1 BUR
TeHARTELK 20 EBITI , SSBERERE T Tz =, KA s REs
B A RS T BB T SRR, it — s N E BB k3, A Spike-ESN st
w DA A i L, 1 ESN F BB T LAZES . 5 ESN Al ARMA 3EH7xf b, 1531 7 5
fai HA R AF (MR, HRRIAE T, Spike-ESN A7U7E ESN SLal ka7 ok, Wk 7 Hat
g, YISO, &R T R A AR, RS RE 0T B AL, AR R AR 0T B [ Y 4
R )5 S SN BUR . RIAESEIRSE R Foy, TGRS 732, HEL ESN HinA&AK
ST R e

R B CGR AR 7AW R Sehan], v DL RR R, bR SERE R LA A
RIIRIEARTT %, A HEEMXS A R I RIBR ], AT S i B AR SRR AN B 88 A ) D
AR BEEDCT , AEAK B IR 96 Bl A ] LG DA b3 Sz i) 2R 47 5 c5of 5 4t
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LS 2 R Sl L T P R ] 7 RS PO AR A, HURRAIEZE T, 45 a0 2D 3R

AR ST Bl AL A

B, WA R IS AR IR, R WL AT BRI S RIS RS EIE: &
B APIRSHARAE AER B, BRIy G EdE A S, FIRESINELR
SIS 5 20 5 R AR BB i 90 v AR B (I ), 4 3 8 v O B s 4 s e,
MATLAB 845 7347 /53, W INRF — SRR 26 B B b 25 B % S 8RR (38l BN K 3
WLIE AT I 5 v 5 5 R DR P g PR AR A B PR e T

AIR S2: FEA AL

BRSNS AT s A I 2 P T, A AP BR 1 vhepRide t R AR B8 4371
FESLZABARAE, LI TSPl b 0 ) e [ PRSI R

B5E, APEER 1 R R B AT AL B SRR, R ER 1 b A I
PR, MEHE AR Ay A A TR — Rl 1 22 A B, BRGNP e R A T i SR
RIS AMIET 4000 I, A 3T i 532 2 52 840 W7 AT 21 J8 - AN TR A 1) 2 AN B s HLIR
¥ 8 T —FrE A LR BAT OGS, MBI e, SRt —RiE,
WEE T, PR T R R TG — AN B0 B ke [ P IR S 9 2 A5 2 1) 31 e A 2
X s EFERIAREAR BU b — AME I AL X, 5

PR S3: Al ikt i P LR A X 45 A Y

KBk E] PR 2% Spike-ESN HEAT 1 0, Stibz Ay FERRNZ A KGR AS AL
i, eI s ARSI IR OSBRI bk o [ =
A% Spike-ESN HI KM Z « Ik & A0 2 tHZ 48, A HTZPER 2 F3kAg il
IR X, TR

A B S4, Wi [ 7 ARZS ) 4 A Y

RHAEA 77 RIS 3 h AR, BHEW,, . BR@REC0Ro):

min F(W_ )=

XN yes
W,.eR

F-W, X, +2]

Woul

2 (9)

Koy |, 20 L EM 8, A NIERIL RS AR 7 R A F BRI T A%
m N(10);

W, =yX"(XX" +AD) ' (0)
R (10)H, ENLL RS A BUNT 0.01 [KIEL;

11



WO 2024/045246 PCT/CN2022/121214

YR S5 PR IR R i [] P DR A Y £ v A

AR ALE X, BB 3 i (1-8) BTN, K (8) Hth&i R S ESLER
TEATXT Ll YRR P ] PEOTRAS PR 44 AR TR S8, T 0 T8 14, JIRASE 2 v 1 32 A 750 B TR

PR S6: A FH LRI (0 e (=] 75 PR 7S 000 268 AL Pt i e 283

o T 4 o A ) ik e ] PR 24 D0 456 25 B B R Z LKA T e o6 b, AR
BARAE RN, RN TS B £ BEAT S T 5, TR K S LEE AR IR A 1-2s IR
RSB P TR G500 B A o BRI AT 5, 5 B AN TN 504 oA 0 28 S
A, W2 R A, AR ST A A T A O R DR BLR
DARIEARIEER 1 IR Rt A 7 2 Sl AL B S 4 Pk ] A AR A X AR, FLRRAEAE
T, FEREIS R S3 M Bk,

(1) BRI

FIT 3t Fidt ] P AR S X 2% £ ¢ 16 220 (K15 NS 5 R A 5 20 A w(@) R (1) s A5 RAEAR
B X, TS ARG 4 0 T 280, R — e B d AT B, B4R 7 Ad
[a(1),a(2),....a(O]" , ¢ FZAERIE I RFER 8] s 58 B a (o) TRINEEE a+ ) BN A KA,
VOV Bk o [ P R AS X s R o, A FRINE KOA i BE, SANE S u@) Na@) , HES y0O) N
a(t+1i);

Tk N\ 2 BRI FE F R R SiNAS = () B A Rk e 27, T AR A (1)

S @) = [, (1), u, (0),....u, (D] (1)

AMH, [, O RN Z AR EL, 1, KRG TTR T R — B R A R
TERE Spike-ESN WS I kit RAEIRE G, B A B EA AL B KAk b P41, ikt e
A1) (145 SR DUBKGHSRAR R BCN K, AN IGE N 1 800, ARGl Hofe = A bk o e
FARA AT AN (2) Pios;

k

Ak
P(xzk)zﬁel )

K@, kFORFEFRERE A IR o2 A5 RS AR EEANTT 22, e A Kk B ] LAROR
Ny BRI AWM, LR kRIS S AN B AU g 1A
JR bR TR B (RSP 3E A, PR ek oA A ek o P 81

k)=t max(u(1)) —u(t)
" max(u(t)) — min(u(?))

KO, () Fom u®) P A KA TR B EG R (0 AN (20, IRIEARR A BEALA:

3
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WA B 1, MIEEG, B0 1, (00,1, (0o, (0015 R A LA RY 502 BRI

. k
ui(t):{l’ =2 K0 d<is<t keZ @)

0, otherwise "
X@DF, w0 kb AR T ke foRikocE “17 Kk, i FoRikifos <17
FEWK IR 51 A B
(2> Jhki 2t
M i 2% i — A~ F IR 22 1R 22 T I AL SR 20 R XM B IR 265, ek 1 R o 8 R SASUAELIR)
ER LA FNEIZ BRI ThER s K lkeb il &bt kb & e EId AN, . WERIREE 5 id N
x(t), BEALIE EWEAE AW, W £t A2 s AR an =0 (5) B s

res :p‘ A{max(W) (5)

ARG, Amax(W)2HEW R ARHE; W REXF[-1, 1] BRI AmENLAE R
HIMERALRE, MM vy, RREEW ARAEFCRIEG]; 1E-E1E p ZUE W, 0K
RSB AREW, s KRHLE N B bkl & b KPR R2 07 v A7)

x(t) = tanh(W, f, .. @(t)) + W, x(z —1) (6)

@

. t tw
e @(0)) =" exp(———2) (7)
X)), W, MG ABERE, KIS AATE[-1, XE =4, ¢ MMITF I

B S5 FONBR I TSI s L 9 F, () B EAR AL UK AR s f e () RS
MG T T R B IR R T x(0) RR N RS 5

3 IgHmt )=

W RS ST, FERERSHEXO=[xD)xQ),..x OER™, [, 1%
AR AKFESE, Spike-ESN [#H 1 E § =[5(1), $(2),.... 3(0)] € R" 7T LA~ AREB);

y=W,X®@®)

K@)y, W, RHHRE,
3MUHRRURI R 1 TR — el 2 R LA B A Bl ] P AR A RO BRI 7
T BTRKIBIE ST b, BAIASR 0 E R BT 5%, TR i 4E 400 B b
BT 22 2 BSR4k, T L 5 A R S (A B S % R B L A SRR S

4ARIEBAN R 1 P (0 PbEt ot i 2 e L e s M ) ikt [ P AR A 20, LA A
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T PR B S2 hHAME B WATHREL. FEARRFIE AR, BT R, SBRheas .
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