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RESEARCH ON FAULT DIAGNOSIS AND PREDICTION
TECHNOLOGY FOR MOLECULAR PUMP

ABSTRACT

The EAST is a large-scale fusion experimental facility. As a crucial
component that provides a clean vacuum environment, the internal
molecular pumps play a vital role in the smooth progression of the
experiment. It creates a stable environment for fusion reactions, ensuring
the operation of plasma with high intensity, high temperature and high
density. However, during the operation of the EAST experiment, the
molecular pump equipment may experience failures such as foreign
object drop, vacuum leakage and so on, which could result in secondary
hazards to the device and could not provide sufficient guarantee for the
smooth operation of the EAST experiment. Therefore, in order to
effectively preclude the occurrence of associated issues, it is of great
significance to develop an efficient fault diagnosis and prediction method
and establish a comprehensive fault diagnosis and protection system.

Taking into consideration the problem of low accuracy in fault
diagnosis and overfitting model due to the unbalance of molecular pump
fault datasets, a method which is based on time domain and frequency
domain preprocessing and enhanced BP was proposed to facilitate
molecular pump fault diagnosis. Building upon the BP neural network,
the PSO is incorporated and the optimization model is validated through
the combination of five-fold cross-validation. Initially, vibration signals
of normal, vacuum leakage and foreign object drop faults are collected on

a destructive test platform simulating molecular pump faults.
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Subsequently, the acquired data are extracted and fused in both time
domain and frequency domain. The resulting feature vector set serves as
the input for the optimization algorithm to train the model and realize
molecular pump fault diagnosis. The experimental results demonstrate
that the proposed method exhibits superior diagnostic accuracy compared
to SVM, KNN and BP.

To address the issue of low prediction precision of molecular pump
degradation trend and remaining useful life, the method based on time
domain preprocessing and piecewise linear degradation model combined
with DE-Bi-LSTM was proposed to achieve highly precision predictions
of molecular pump. The DE-Bi-LSTM algorithm, which is based on the
LSTM architecture, is proposed by combining DE-LSTM and Bi-LSTM.
Additionally, the piecewise linear degradation model is employed for
molecular pump fault prediction. Firstly, in the molecular pump fault
simulation experiment platform, the vibration signals of the molecular
pump running to the fault time series under the leakage state are collected,
and then the time domain feature is extracted from the acquired data. The
resulting feature vector set is employed as the input for the optimization
algorithm, utilizing data standardization to train the model and facilitate
molecular pump fault prediction. The experimental results indicate that
the proposed method outperforms LSTM, DE-LSTM and Bi-LSTM
algorithms in terms of forecasting effectiveness.

Targeting the engineering application challenge of realizing real-
time fault diagnosis for the molecular pump in the EAST device, this
study addresses the challenge by implementing a data acquisition and
fault diagnosis analysis system. Utilizing LabVIEW for writing the
interface program and invoking the fault diagnosis model trained by
Python, the system can display, store vibration signals in time domain and

frequency domain, extract characteristic signals and diagnose and alarm

v
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faults of molecular pump in EAST device. The software interface boasts
comprehensive functionalities and user-friendly operation, effectively
resolving the practical application challenge of molecular pump fault
diagnosis.

Through the aforementioned efforts, including the feature extraction
and the enhancement of the network framework algorithms, the fault
diagnosis and prediction accuracy of molecular pumps have been
successfully elevated. Simultaneously, the implementation of the fault
diagnosis system mechanism of the EAST molecular pump has been
completed in the engineering applications, which provided ample

assurance for the unhindered progression of the EAST experiment.
Zhou Yang (Electronic Information)

Supervised by Professor Jiang Ming

KEY WORDS: tokamak, molecular pump, time domain and frequency

domain analysis, machine learning, fault diagnosis and prediction
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[E PN Ah cRai2 W 5 TN BOR O FE IR BEAT 1 545, IR 2 AT EAST R E 7 1
RAFAER I, SR AN R INE: B a gt T BOR R 4 DA K T 2,
IR ET I EE TN

B2 E: PRI S WA AR B S . A 1 RN T SR S

8
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FUE A, JF 51 AR B2 W 5 TSR A B R R, Oy 3. 4 mEANUE R
CSEA T

%3 & TG BP B9 TR RIS W T . S ) IR e e DL PR 2
Wi Bt s S BUIREE, B S AL T BP 14y TR MBS TV, IR
BEL. BE, BTG REERIEIRERRIE, BUERrR TR A

% 4 5. ST DE-Bi-LSTM 70 7 ARG 7T . B SEIie 1 sl il 1
W 5, bR AT A B RIEUEE T, IR AT Bi-LSTM it 51
i% DE-Bi-LSTM B 7l /7% . feJa, @B T M@ 8dns, Kik 1 ix
JHEIA R .

95 F: T RIS WE RGO 5 . S B Besk bR TR TS 2
T EAST 7» TR MBEIZHI R GE, 1% FR 50 Th Ae 0175 I s i i) o 5 474k
RS (1 P2 DA S AN [ B 2R T 2 W S Th g, JF 58 I EAST 38 B 7p 1 R/ il
Bi2 W 2 SEil

9o BASRE. XA K1 S Wr S T p o g
TARBEATA R B4, MR 1 A ST SR S5 K S BB 2 AL, RIS 1 3 07 2%
W2 I 5 T AN Z AL R, R 1 e SO i T [l .
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£ 28 STFRWFRIDES FUNE X EAIER

2158|8

YRR AT RSN R R, RN T AR, 2R
I, f£ EAST RESLKITER, BT o rRAeETFEIRETZH &SR, M5, &
AR IR T S B Al i, SR IR R BT HATIREE AN L2k it
W SN, wEEME. R, B, PR TR AR 2 S T A A
HE BRI SE PR e ADE I I ANLES 2 S A R B R 58 O 7 1 R A
FISATIRESHIZ W, SEILN 7R B @S s & F, @5 AR e 2R
B

2.2 P FREFEISHT AR IS

2.2.1 BP HZ M4 R 18

BP {122 [0 28 52 — ot 3 1 3R 22 ¢ [P A% 1 SRV BN DA 22 R g i A 13441 g ]
DR Rl 2 1 ) 80 L 45 9 RERRAELS) . BP MHZR I 2 7E 316 b mT DUIE I AT AT bR 5,
e H AT FURIRA . B ) V2 B pH 22 I 2 A R 2 — 1961, & g %00 JE AR 2 dl i
R oA % o PR A R i LR /NP A 5 TR i 2 RV R 22 . R 2% 0 I T ]
ARG SZBRAEEME, AR R AR R ERZ R
G 3d AR, e R R 2 TR B X 2 AR A B . XN IE AU R R AL
BEAT, BB 2% B A L B A AR R TR B T RSV

BP 441 22 ] 2% () ZR B A5 11 R0 A% 3R A S R AR R AP BL. FERT AR 3E T,

NES@dME T firEmEI SR N )R AR B, AR E s
JRRZE, BRI IR ZZ R R AERERAR, JFRBERBE N
B Mg Al DOE L R A A S HORE NN R 1 L, HL A R PEATZ AL RE
BP 1 28 W 2438 v @ AT T E IR I R AL, SEm AR, (H BP AFAE S AR

R AILA Y [e] AR,

BP M8 W 25 A g —Ff iy LN AR 48, (A A Dy —Fif s B L 5 )
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SOE, 2T I G L AT [ 5 40 KA E 559, BP MEM% 1% 2
W0, & 2-1 H BP ML EIE, BP MAMA LR itz
B A 0050, Hortx v, v, WHINER, p NI, K, BT
Mo, AETE £ ONBOR B K R . Ry, N MRS S A
U Z IR, 0" NERUR k45 j AN ME TR, BB, Tk, &

kR 2-1) AR

Input Hidden
B 2-1 BP #1480 2% J 215

K :f(Zvij+9]/ij:1,2...,m (2-1)
i=1

Bt w, NE j AT y ERNRE, 0" Ny MWE, £ s s

H BRI G R . Al y RIE AN (2-2) o
y=f(iwjkj+0yJ (2-2)
222 NFEEREIE

i 1T 5575 (Particle Swarm Optimization, PSO) & — il & T #EAA& B B LAk
B, BT AR RAT N, el ik R R F R B A . B Eberhart 1
Kennedy T~ 1995 4E#£H, Tz MH TG, HlEe5 ). BRI BSR4

RLF B R L S Bl (5 R AL =, SCHUEEAACAE [n) RUSK 2% (8] TG e B
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FeROEAL s SRAG B LR SLA R AR MR AT R R U, A
RYFRARL T, ENEMRA R R RENLE G JFRYE B B (2 30 AR (1) 22 06 it
THsh. R HA B N BEREE, BRI PN—AME, EE
oL fift 22 18] R R 7 TR L o R AR E B (AL B AR AT R 5
FFARYE H AR R BB VEAS RZ s I ROR - 8 IE A Rrh 7 AL AR L, B
KRB BT R R B A I R AW SIGE BE AT R R B4, [ ] 2-2
Pr, SHH TR RS TREZEE; MRS TENEH: FHRY
P AL (A EAR 2 T8 (Ml B ERZ AL EAM S T 2RI R .

N 2y
A A o

f ke
. A K

‘ A

/ A A

A Ve of S

P 2-2 R R T B
B D 4R R AR S N MR, B DYk E A

KL 7R, WAR(2-3):

X :(xil,xiz,...,xiD) (2-3)
FAS D e B AR AT ROR SR i R R ATIE L, 2 a(2-4):
V. =(vi1,vi2,...,viD) (2-4)
AR E SONER i MR TR R BRI E, 12 93((2-5):
By =(Pus Py Bp) (2-5)
E R E SON AR PR R BRI B, 8 93((2-6):
Py gsest = (P apests Prgpests--+ P ghen ) (2-6)

FERBX P F B, AT 75 ZEAR A W T A 2R BB 3 SRR BN &,
iREQ-7). (2-8):

vy (t+1)=wxv, (t)+cn [pbm (1)—x, (t):l +e,r [pd’gbest (1)—x, (t)] (2-7)

X (141)=x, () +v, (t+1) (2-8)
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NRER T BEMBL, i(i=1,2,.,N) RER T D ACTR T4
d(d=1,2,...D) RERTHIEE; (RFERAEG wlERERE, o R%
MRS T o BT I TO, 1, FRARTE [0, 1] 13 B BEHLESST,
v () RRFRLT i 7658 USR8 o SRR FE LB s, (o) IRFERL T 1 TR0 £ 3%
fRR g d SRR B P (1) AR T 1 750 1 YO R 4 d S0 5 o e
B P (o) RERITAE e YO AR5 d 260 3 A

2.2.3 XX IEIE[RIE

A SCHERE M GETE TR, BRSSO e
i e B4 o Bt N SRR AL, SRVPAS AL Rz AL RE T AT TERE . K3
A IR AR BAE R 0 N KA T4, KGR R TERAE DI SR, R AEN
Zxge, BEATRLARLYIZRANIG, ARSI fe AR, AN ITAS 3] K MR PP
AL, N 2-3 Fros e ASCSEES e B L3 A8 RAIERAR s B2 W 1

bl D1|D2| seeee Dk-2|Dk-1—> Dk @
D2
D3 DI |08 o Dk-2| Dk —»| Dk-1 Q
®
%= et
£\
D1| D3| eeeee Dk-1| Dk —» D2 @ {1
Dk-1
i D2 | D3| e Dk-1| Dk — D1 °
REA B IER S M 2R RE

B 2-3 A2 G i #E A

2.3 53 FREPETUN E LIRS

2.3.1 LSTM JR &

LSTM S92 — M ek i s AP e M 28 S0, IR RNN B0E B KK

13



LRUTRE R 2 A S

TR 2V % I 58590, 3@t 5] AT ML, LSTM REfS 5 4 M 4 312 < I
KA, MIMAEAEFA P 5 B i R I . LSTM W 2% BA K R RHCIZ I fE
71, BEMERSEAERA R R 2 ou P A NI R . FE 2% BT A F A 2-4 B .
2 AEMCIZ R IT I TR B T TRTS S ] = 12 s gleeel,
{5 S B0R BN H X 2L [ 1% B onil g o ) SOk, AR 7 LSTM BJigiZ AN
B AR, X RIS IRE M ALIE ARSI, Baih ke 2 TR E
BALBLE N — MRS, AT AR R 10 T SR AR B R A fr) et

Ci

> > >
> > >

4,°
fi I Ca Ot °
hz-] ! T !
‘ |

K 2-4 LSTM Ht 45K
x, NEINIFE, fOBETT, i ONRIANTT, C ONEHE, O Rt C |

& LI ZPAROIRSE R, b2 2B FE R o N Sigmoid B
TEEREL;  tanh XU IEVIBGE R w ONESERE; © AR

(1) B 0T: LSTM #0 [a] 51 6t B db 47 ik, REEAHGEE, BHiEEHF
THER .. 85T —A Sigmoid BRBUK e E & AR _E— N a5 PR

SR G Sk AT, B2 LATHAD RRES . naQ-9)FTR:
fi=0(w, [h_.x]+b,) (2-9)
A fOBET AR w, M b, 73 IS T 0 L AL EE 28 ORI i B
Tl
) FANT T BRI E BN BIATT, BN TUE R A
NS S ARSI o SN T DE IS — A Sigmoid bR U2 & BB AT

14
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PR BN, ARSI IE —A tanh BRECKRKE AN IEAT TAL 2R, 1331 — MBIk (e .
I (2-10) R
i =o(w-[hx]+b) (2-10)
KA i RN TTRE SR o N Sigmoid FIRRE w, F b NN TS
LA R EO I B B b AT I 2R x, AT 2R
() FrEmAE, WX Q2-11)Fs:
C, =tanh(w,-[h_.x,]+b,) (2-11)
X C NERMAZ ARSI Z A IE:  w, F b, 53 A% R

(IR 2 22 BRI it 5 0
(4) cell xZIRMGEER, W(2-12)ffrs:
C=f0C_+i0C, (2-12)
X CONYRTHINTIE B8 s TE I 1% cell HHIME B

FINJE S cell M2 B HI 45 R .

(5) farth 1] i N DTN )i B0 B RS T, Rt TE T
IS D)5 FRAR A0 T — AN B TR) 5t A S M R2 FE it T )i — A Sigmoid i
HORYe g & 5t BT 22 HPRAS SR )5 185 — A tanh BRIECR A 24 1T I 1) 22
PRRAS AT IR, 3305, W=XQ-13)s:

0,=o(w, [h_.x]+b,) (2-13)
b O N TR R w b, 4 BN TR T (R R
HON i B 70
(6) LSTM il fZ . uie A, anX(2-14) s
h, =0, ©tanh(C,) (2-14)

b NG TER

2.3.2 Bi-LSTM [&I8

Bi-LSTM 5 A4 & — A B 3 51 B0 (R B 22 IR, J& L H R TE 5 Ak 2
A R PP 3 TSR 55 o B RXHE SRR B 1Y e, 3B 5IAXUA E,

15



8 W YN T e VAT

BT R SCE BRI EARRE ), AT ARSI TR] P ) SRR 22 4 RO,

A i) LSTM M 2g R % & ZER, TEMARKRNER, Sh=HiEE
B, Bi-LSTM BLAYAE LSTM B EEA E3G N 7 —AN i\ LSTM =, {54
BE R DI [0 A0 1) P AN 5 Tl B2 P A0 B9 BN SU(E IR, SRAR D 51 i) Lo
HARKUL, Bi-LSTM B A~ LSTM JZA R, — A% JEIE [ 7 Ab 24 N7
A, A MR B A PR S . A LSTM JZ#EL & — Mg iz ool
—HIEHIC. B LSTM ZH9, NS B RN, AN TR 22 1)
i N A% IE 2y LSTM B0, 125 e MR U8 224 A4 A A BT — AN [A) 20 (0 B 28K
EHCIZ IO UR A . S8, FEJe B LSTM =4, fa N 78 A 3 2 AR
KN, RN IA) D S N AL 45 LSTM BT, iZ ¥ eI I8 Ll NG —
AN B[R] 25 1) R BRR 7 >R BB e 12 B e MBRBIRAS o Bi-LSTM BRIl ZRad 72
B2 H 3h 5 ST BN 7 5 R RS AE AR OC &R, I HL R T FAT 45

Bi-LSTM 4 IEJR PIANT7 Al AHEE & 5 2], G 18— J7 ) 2 S5 B
RIS 5 1 AE P A o ) R B e R ) e, L 28 S5 Rt ] 2-5 P .

/y 11 / Y Vi
— LSTM_cell LSTM_cell LSTM_cell h

h LSTM _cell [« (:STMcell < (:STMcell «
X / x/

t t+1

2-5 Bi-LSTM #7445 )
Horp Bi-LSTM 1 & SR BEAR 2 B T H M ) LSTM,  1xl(2-15). (2-16). (2-17)

I

hy = LSTM (x,,hu-1 ) (2-15)
= LSTM (x,, )1 (2-16)
v =S (W, o+ W, o+, ) (2-17)

Aef: hONRTEFRE: ORIy, RIS A AR A
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NEZH; b NRESEG [ ISR

BeA, RS, SRR AGER . O TR ME IS,
S A B ¥ iE FH %, 51N Dropout J7v5 . MT7 V28 i A 23 4 22 TOBE LR
REE, D T MR OREE, PR A SR, RS R A
S M Ly E I LT, I HAS A2 70 22 [ B AN 2 RO I (0 5 72 s
fik, AT PRAE 7RIz AL RE 165

2.4 KB

AR BN DU B oy 1A R W S AR S N L850 ] M 2 A5 ) A, 4R
SN 2] B SE 4 T2 m dE R 2 W 5 T . Gl I A 28 BP #2245 4y
PR . R T B R B LS B M 6 DA S S8 SCIRAIE $ v A 2842 T R 1)
P, TR T A W2 T B R A R R B A48 LSTM Rt B/ L &
LSTM #1224 Bi-LSTM AL AR, 56 Bt 73 252 g b 00 B98N R g i
o ZiG ERCH SR HIRMAN A, N 3 & 5 4 BB SOk s
.
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%38 BT8P WA TFRUELIHZ

3.15|8

BT AL A P R R, X T e SO SR A IR P ) 7oK H s B, Holi
TN NI, R Wr 3 i i 55 et e DAGRE S, P DA T SE G s Ak 2 A2
7 I R e R B A A B I R AR SRS, N TR REAL & S ) BVE B N T B A
AP CHE. BT ALALR, R 2B s i R b i BE A AT A 1)1 25
i, BURT PLBRGE R B BB SR R AT 2 W i, AW TN TR
S IR SAS, i HAT RO e 1 AR SRR . I B Al S SR, A
% S AT SN T IRAES DR TR, KORHEAS 1 e (5 7 i Jod 301

PLER A S — M TR A A M N TR e ROR, i dis =2 ST e iy,
RS A LA T B R R DL JE AR B . R ML a2 S 5k A R O
RGN, REUS IR BB A AR AL, SEme W HER e, X AEEHLEE
S SYAE T AN A8 A RO PR SRR i) U 3 A AR o P B8 A 1k A R 1

H ATHLER 2 )2 W 505, AR S 2 T RIS 00 T U T B AR
(T DAV SEPRIZATAIRGL, 7> TR s EE 2 R 1), BaRER AT W, =
B2 Wk FEAR DA RS R I 400 & 1) L. @ AL a8 52 2 BP A G\, BEARAT LA
AROWIEEIZWHERR R, (2 BP #h Mg ISR R d, 1141 5 N R s L
NI A, A SRR AR BP P M 45 SR IR B LAl 5T PSO Sk, R
BP 2 MG AETHR L RE T, AT DR KRR BE bkt e Jm s DO, [RJ I 45 45 3T A8
SR FRRE R S, TS R RGN A, R RIS, gk
IR, R EAEANTEBIREN TR T, SEI TR EEE R
T

3.2 BIETIALTE
3.2.1 BHiESig S AEHR B

PRBNE 5 (19 73 A A 5% TR 25 A 0 0 e e 12 W 40 42 O 200, (55 ) 40 A
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BRSNS N RC W N T W i T B W N (EN S T K ERs P (s iR b /e = 2
RIRF AL SR BT i O3 IR 3015 5 0. Hlas 5 S ks B 5 5 KE A
PR AAAE R, (EAENLE A NS R R th TR S8, R IR,
SRR AR, X T TR MRS WOR B AR M. M b, 2Tk
WSS RAE, o S NGk, FTLImFTa],  [R]N E0 JE an HE AL 2,
B KR P DR B AR AL, T DAAS SR M 2 T sk 50 Bt 4T AL 22
BT AL G R I SRR AL SR O 7, W] DR HUR B IS S 4FAE, 2 Fh PRk

HE R R RS O 7k . R IE G iE s sk 3-1 fros, Hoh N AR
AR SR, X ACRFEARSEE, X R Sa A AR R A

* 3-1 B G R AE

IR 2L Lk )
SON | X = max (x;) N
/AME X, =min(x,) HEN
WA W Xy =X = Xoin HEHN

1 N
TEE X ean = NZx,. B
i=1
1 ?
ji% Xvar :NZ(X[ _Xmean) ﬁiém
i=1
‘ 1 & 2
*ﬁ?ﬁ% Xstd = WZ(XI' _Xmean) ﬁ%éﬂ
i=1
1 N
OWIRI Xos = Nfo R
i=1
XRMS
BB T Xy =—m TR
Xmax
U615 [ T Xy=% T4
RMS
Xmax
Bk R 7 Xy :W T B
AR E R KAE . Be/ME S WEIE(EEE 10 FhEHBAFME R IR IESE S IREE
Bo ABAAURIE I G TR AR, ARMETEEE I 7 TSR IR NS 5 IR, T LASS

BRI AT, SEA S B R R )RR AE o B AR R — A B0AE T AL BT
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VRIS, IS S AU G 5 S Hol i S B (FFT) A B 4% 4k, FFT BIR
B E-D) R

N-1

X, = x(n)Wt (3-1)

2r

Hf k=0l N W, =0V RHEREB Ty X, RBIURLE, x(n) RE
BERRREA, RIS BURRESIFAIR S, K REFREIOR S|, N Rk
BRSO R

ASCEBUIE S ST . SRR 2 = AR U A9 T 2
RAVRA B, SIHREL S, ZRHRRIE SHHE, T R i
ISP % . R RIA SN 3-2, S ) FFT A5 O 2 5 M T
I 5 Bl LA £, AR

R 3-2 PR G THRFIE

WA S5 Fik=R
1 L
}/Fbﬁi%i‘/}]{a F;nean = _Zf/
LS
L
217
S E0 F,=-—
27 ;7
j=1
L 2
o _F
B e 2 215~ Fon)
de = I
3.2.2 BuEtrENL

XoF PR B HCHE HEAT I SO A BEAR BOCRAAE ,  H T REAE B8 B AR S BB AR
R, BEMGHSHAERE, AT RIES KM TSN, 720 8 AT b i
WAb TR, AR YERE 2 IR A RFEAERUE A — e B, T DU 7 K31
HERAE . AHE RS FH f oK s/ ME A — o B AT AR A, i (3-2) s

(Ve = Vi) * (X =0

y= + Vi (3-2)
xmax - xmin
KF Yo WBRA G HIERAT IR AME N 15y, WEA G
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ITHERMEN 05 x, FEFEREATEIRKAE:  x,, EFER—ATHR/ME. KE/ME
AR 1 A AT AR B A1, 17X T

3.3 EF i BP 9 FREPEIZHT
3.3.1 Bu BP Bk Ri2E

X T RAEANFIRERADRE T, B T8 R AT T BUM R I2 Wk L
iR, $ A2 BP A 22 N 45 (1 S Al | 51 R 55 3 38 IR AR Sk LA
WA, $EEn 7R MERZEIREE . ol BP FRRAE I 3-1 fow.

i

e AR 2%
SR T S8

<
|

A
T A8 B IR % BB L kS
N ZEAR N TE RN AR B8, TERCH R

.

il BOHBPHA K
#h ERUE RES 3

U
P 3-1 Budt BP Sk fE
B, MIARtL BP #HA MR S5 M AR RS 2, i a8 IR UETS 2 B /)
WZEAENE N A . RISl R b, SRR 1k B B0E W s RIEAET, A
W7 SR R R A R TR S AL, TR EGE BRRE, JF4AS S T s RAETHEE
RGN A, BREARBGER, it Bodt BP SE R RALAUE RE S
T RII| 2545
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3.3.2 HFEIZ T B A R HESS

T ERBEECWIRARME 3-2 ros. B, WSRk-T 6 RE IR BRI
AL, RBUNEUSAAE, AR R, 1% BRI ZREE, ik
FIVIEACIRAS ORI, 385 To 4 58 IR SRS B e /MR ZAE v & B AR, AR
P e ik B i REARREL, AWTEHRL TR IS8, R4S T S R 5
RGN, SRS &R, RIACE R R B A O
IZREFRORARY, B I AR S SR bn IR TR 2 Wi 40 R 1 B 08

G SEHUR R A
v
(o A ) S

I
v v

IES S IS S
v
Mk R 2

—

THEER S E

KNSR EL

S5 B BRI 1124 [
v
IR S
v

Bt g5 R

GhiR
K 3-2 #fEi2 Wi AR

333 A FRHPERIUSLE T A

e S AEFE K 73 T R PR AL SE G T 5 BT, OF EAST 3B 7 TR 1
A AR B B, B4l EAST B E Ok 1 65 o 70 1 % 32 B % 1 A Fe ik
M, ¥ bEA—RAMHF, @ s R0 S, BERKRNE &
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FIRIHES AL, R PRI TAESS 8. 5120 10 AR R B I S A 43 T I ik Ji
BB R FE5r T IR M LAEZS (B, BN AR5 75 AL IR B I Jie i
BT R A B, SEORN ARG TR R ZE6E, RASHE R E,
M JE IS B R (Em BA Is T 3 EE . N TR PR BN IE R T4E, 7
TEIR o300, BRSNS, KB N T E 10Pa LT, FHTH T8
RS

DT EBIREIR T GRERME 3-3 fim. ZRAGEEBEHMRASL, B
TR B, RS, B9 RER. BREARFUL EANAR. RFEW
R BEAENS: ARETH TR ARAT S TRAE. T RATT. NI-
9232 KEEM A~ cDAQ-9189 LIKMIMLAR . hnidt A% &2 . RIGOL 15 5 K A4 4 LA
J Windows 11 64 fr FAIHLRGEAEE, % RGAT HOHARKE T 5% 12 B S 56 ¥ )5
FITT & -

A4 I
ARG P
M5
W % —
T R

@ buiif%*i [l 4, R
TERRES | dads | 4EF

A
I v TCP/IP

«Ib AihL
W= 5N

K 3-3 s e nE K

3.3.4 BIRERFARER

HESEIGRAE 4 My T RIBITRSHRENE S . () 0 TELTIEFRESE
Fent, KEDTRILEIRMNES: Q) £ TRIEFIRSEIT T, TN,
<A 100Pa, RERE ASMIRERIIGES: Q) A0 FRIEFREEITT,
FTH MR, M5 250Pa, SRES B HAMRMERANGE S @) EFFEIE
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GRUTRRE R L 2 A

HIRBEBAT T, REGHBNRFMEIRINE S

BB RN 1IKHz. 7R REL R RY NIRRT, , (55 KA AR IE(E
BN 15V, RN 2.25KHz, KA Ttk (55, TEHE08 9000, @it %
TR, SR BEAT IR EARE, TR — RN 0.00618g, ASEEn Ik
fili & 352 Ik, FLEAN 2.17536g.

KA IE 5 d 20000 4N, 7SS 100Pa [ S HE 8000 A4S, I 7S it
250Pa HFEE A 6000 4>, 5k BA N R4 4000 4> . Zeid i s R A R HL
15 21 2000 21 1F# RN RFAE A, 800 4 4% B B2 bR MO HdE , 600 4 E K
2 bR W IR SRR AE B s 400 ZHAES R BA N W Bk SRR AE B, U254 5 DR
Btz 827y SEE-F G UK 3-4 Pok:

%%‘
BANZ Gt T
i P .
e . K
IEGH B
IR EK fEZS
FoREL |
ﬁj“ii_
K 3-4 HkEiL WL T A
H i3t BP A 2R WX 4% S B B W3R 3-3 Fiias.
2% 3-3 YU BP A N 2% S8
SR WHE S8 WHE
LTPN= 13 HbriR % 0.00001
Rk = 6 e KN RIk S 500
= 4 i KIERIREL 75
o) & 0.002 FhEE AR 8

EINN 13 NEHE, BINET 0SB 13; FREUES SEN 6; Hith 44
K, M ET AN 4, FIFREN0.002; HIRRZERN 0.00001; A%
REBEA 5005 B RIEARIRER N 75 FHEEEE RN 8.
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3.4 SLWIIES 1R

3.4.1 N IERR

TRE M FEAENLES 2 ST A GE T2 o B AR DPAl 0 AR PR RE A T H . et —
ANTTRE, FA RS ST R R A R TN 45 RS SR A R AR R R . Il SR

Ty SRR A VE RE I B AN AL VP4l 35 B 1A AR A R SR B 2R
RO, MR R B B b AR . R R 1A 3-5 Fr.

il
s\l
N A 1451
Fx
1= TP FN
kil FP TN

&1 3-5 I I A S
Hor, TP RN ALK IFE 5 F0 > E 6] AR, FN R AL E 5] 0y
T I HCE, FP RS A0K G 0 D R i B, TN SRR AL 6 451 1 U
NG R . DIREFRE 5 APEN 7 B RE ) Fa bR T2 (Accuracy), H
[5] 2 (Recall) A Bf 2R (Precision), 4373 W15X(3-3)~ (3-4)~ (3-5)Frs

TP+T

Accuracy = +IN (3-3)
TP+ FN + FP+TN

Recall = e (3-4)

TP+ FN

P
Precision = (3-5)
TP + FP

2 TAEHSAE i 28 (Receiver Operating Characteristic Curve, ROC) i £& /& —
ol F VP Al 2 AR R B T B . & B R I8 T 0 1A 5 A (5 S A
A, GRS NBIE W, LA ) G4, 7E ROC fiZkrh, BEHRR
Fe A5 () 45 BH 1 % (False Positive Rate, FPR), 20\ 4 3 715 1) 2% 155 784 1) 20 B 12k R
(True Positive Rate, TPR), 43# 813 (3-6)M(3-7) i~ FPR & $& bR A 74 {H 4
ERIIT N AE B (IREAR LA, T TPR S48 Sy 1E 451 EL A ASE 2 35000 g 1 A1) (A
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A HB] . ROC T 28 1) 22 i) i F2 i Jok e 28 4 A58 3 1y 80 4B >R v 5 A8 [A] FPR A
TPR A . ZBMEBARRS, BN SE ATy IEF], 330 FPR A1 TPR #5
B M BMERGE N, B S ZREARTIIN ), 3 FPR A TPR A
B R{E 2 R ECAF A FPR AT TPR {H, AMmZ|H ROC #iZk. 4 ROC Hh4: 58
JEAL TR AL RIS, SRR BRIV GBS [F] TRENLAEN: 24 ROC #4564 T/
Eny, FORBAIMMEREAER I BR T ROC Ik A &, &0l LUE 15 ROC
28 "~ J7 BT A (Area Under Curve, AUC) KTl B ALY RE, U VS FEIZE 0.5 2
12 (8], BEE 1 RN R AT

FP
R=—— (3-6)
FP+TN
TP
R=——— (3-7)
TP+FN

3.42 LI ER S

FEI> TR EARAN R 2 3 AR A, 0 (XAl Y By Z %) Ml
TN JEE A% I AR REE I 0 TR IR NG 5o W 3-6. & 3-7 ffras, & FRAEIEH
R R BN 25 DAR A R R A DU RIS NI AT I Y il s &l L A0
1A .

0.5

: ol — FYBAE
. 0.3
o w  02f
E . E 0.1
= 0 | L“;'. 0.0
0. ¢ 0.1
0. -0.2}
0. -0.3F
. r ,0. /1 L
-0.5 . - . : : 0.5 . . . . .
200 400 600 800 1000 0 200 400 600 800 1000
I} [ /ms 5 &) /ms
() IE A A (b) 5 VIEA NS B
0.51 PR 0.5 T
ol — HAHR100Pa il — A ME250Pa
0.3F 0.3
‘\}\,, 2 2r ~ 0.2
= 0.0 s -
E E 0.0
> 0.1f .l% -0.1
-0.2F -0.2
-0.3F “0.3¢
0.4} 0.4}
-0.5 . L L - y -0.5 - . - : ‘
200 400 600 800 1000 0 200 400 600 800 1000
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(o) B MR100Pai S E (d)H % HHm250Paii
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() IEFASURE L)Y FYANTINITE
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= 150 = 1501
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100 100
50 l 50 L
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Bl 3-7 S ]

B TR, 2 T RAAMPES T, BHLAEIE T, KRR E s T Ik
WORA HRASIRENGE T BRI E38m . s E eI 5, MR TIERS, £
B T A AR A g B R A AR AR

i1 B 3-8 LR ZE K 73 Ml 45, FEIAACHT WP B, B w G Atk el /) 7
Bt LR DO R R M 8], I AT A6 i 1) 4 R B A A O SO R . 3
JEEAH 2T 1 bR i B B AR A R R A AR S 4, H AT RES B R
. BEERIHEAT, BVEBCE w B 2 BNAE R, @ N AR R
NETRE, BT FEARE R B AT DLBEAT SRS AR R, A RO IRk )R R E A
RN, e WS e RIS, ST T A R AR R AN R A A R
€70, ALASHLT T S0 e 5 4 b U 8 0 2% RO A R B, 3R T 1T 2 A PR AR

H,E:h anh =

B 3-9 0 4 Fi oy FERAE 2T, B 3-10 29 4 R o TR IE R R
Ho 2850 1 RE FRIEFRE: K50 2R TR RS 251348
Ko T RAESMIE 250Pa KA | 4 RETIRAEZ MY 100PaRES. HE
ATCAAS AT 2000 1 AN R 45 850 2 sSERL AR 200 3 20 A
WA 4 26000 4 v 3 ARG 3, BARSHTER RIS 96.84%. L5
SERRW, BUH BP AR AL, A ARSI o0 A R 1) AR 2
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K 3-11 9 T HRBATIRESH 4 M35 ROC HhZR &, iz AR SEin /e EA,
HAIZE N7 Al AR AUC #8301, #h4k L FIfliZk 2 1 AUCHSE T 1, =%
VL IR IR BP #2225 73 RSB PEREAUIER, 7T LASEINS 43 F S8 AT I IR) 7= A 1Y
AFEARS AT A BURE T

—¢— FULf
—O— Tl

a

G558/ IR

o

00348 1‘0 2‘0 36 4‘0 5‘0 60 70 ! 0 100 200 300 400 5(;0 660 7(;0 800
R T/ AL TRMEEA/ FEAR 5
K] 3-8 AR IR ZE K Kl 3-9 732Kk
LOF —
1 399 1
¥ 0.8
s
=2 80
;‘g s 0.6 ‘
K = }
3 100 20 0.4
2 ‘ 1 auc:1
ok 0ok 2 auc:1
4 3 157 3 auc:0.98668
4 auc:0.98806
0.0p L L L L | |
1 ) 2 3 4 0.0 0.2 0.4 0.6 0.8 1.0
T 25 S/ 2 B bR fpr
Kl 3-10 TR IEFEREE & 3-11 ROC £k
3.4.3 FIiEXTEE SR

N T IAEARSCHBGE RIS Bk, 5 SVM. KNN # BP BT H.
5|\ Accuracy, Recall #l Precision 1E NiFATFEF5

R 3-4 fiizs, ot BP (R 48 R AEHERR 2 F 40l T SVML KNN,
BP, 3.37%, 3.37%, 0.82%, 3Bkt 0B B Ak o Rl i 1t BRI T,
HA T 52PERe: £ 1 A EIZE R KNN, 0.26%: £ 3 (14 1 #%
4y 5lE SVM. KNN. BP, 37.89%, 16.56%, 11.57%; {EZ5] 4 A5 55
KNN. BP, 7.94%, 0.65%, 3B SGHEEVEER @010 6e /1 A Frie st
ARSI 3 FIG 4 BRI . 7EHA | K L& SVM, 2.55%; TEK
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B 2 M5 FE & BP, 1.25%; 185 3 BUKE B 433l /R KNN. BP, 14.10%,
1.18%; 7EK5 4 K £ 7% SVM. KNN. BP, 13.09%, 6.43%, 2.33%,
R SO AT AN SN 1 o HRE FE A FTde KR IE DS 3 M 4 b4
TR . T LB A SCENEMR S, il 3-12 TR TR, RIS SOt
BP Wi BVEARR T2 S B A B R, SIS T4 T i i i it 7 .

34 1WA R T
Wi Tk ) Accuracy Recall Precision
1 100.00% 97.51%
2 100.00% 100.00%
SVM 3 93.68% 64.06% 100.00%
4 98.79% 77.99%
1 99.49% 100.00%
KNN 2 93.68% 100.00% 100.00%
3 75.78% 85.09%
4 90.91% 82.87%
1 99.75% 100.00%
2 100.00% 98.77%

BP 96.05%

3 79.17% 95.96%
4 97.50% 86.19%
1 99.75% 100.00%
S BP 2 06.84% 100.00% 100.00%
3 88.33% 97.09%
4 98.13% 88.20%

120.00%

100.00%
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60.00%
40.00%
20.00%

0.00%

AEHE Ol BEX2 FEE3 BEIX FHEL BRE2 BHE3 BHX4

B SVM m KNN m BP m 2i#tH9BP

B 3-12 PP a5 R AT AL
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3.5 KRE /L

A BRI TR LR &, REAFRMRS N TRIRSE S, &
L EAST 73 T AU s 28 8 o 3l o i S s 5 4 AL B, 75 BP i 40 ) &5 4 2
filt b 5IRL TS A58 AR AT AL, SBT3 7 2 g o v E A
ZHr.

BT IRANE 5 1AL G BOUSURAE S U7 A RO T 28 1) J 52 T3
i AU R &, EH T F RS T, W BRI S R RAE )
SIN, YT BP AN 2% 45 B B N o 38 e /M BB I 4005 1R I R, 4 e
WS It rvExT b, 45 BB OR PR AL T OOdE BP IR 2R I 2% SRR B
T SVM. KNN M BP 5% 7870 i, ASC05 9% & ] 170 1 F Wiz W
7, A EASTHRZR MBI EH T, ARELEETRETENETERS
P TIERS, A BT HES) > TR W R B KR
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% 4F ET DE-Bi-LSTM A4 FREXBETM A 53

415|5

FESE 3 B, 5 R — b IR e A T Ak B 4 Sk BP 1 23 1 AR 2
Tiik, AR A S UM ST RN F R SR R BEAT 1 X7y, N EAST 4y
TR WET TER, AREERREPREVENAETRERGT T 1 IRE
It SR, BT TENTAEMEE R, FEMNESHIMRRG, AR
A 5 B 5 B TR HSAFAE — i IR LR, P DL 23 7 2 A I T Ak T itk U
WETIBIT, WAL AT AR E, FHOLERE N BT KM 1 K
Ao DR, HERR TN 431 AR R IR A F J T i nt T4 L R SR AL R A
AEER L.

HAT, 0T 7R i, FEREARNEEIENRE L. &
Gt B2 005 L TR 0 T A B T LA ZE e AT o0 b, I A 5
G ITERAG T A A . AR, XA OTVEEEMOB T R E S, SR
PERNAERAE o 302 )2 38 5 e oK 9 23 1 SR AT IR B A I, DAAS 2 HG i
FEam GV, SRS AR G v R TR A A2 0 e, R AR T VR TR
LREMANW B, B IS AR . BEE T B LER A EE 7 #r 777 1)
KR, T B SR B 1w TR 7 VE I S S TN O . I ik Ak
THFRBATIEEF AR RKESE, @5 S sk irix s dE, M
T FR LSy T2 MO B A Y o AR LE TAE SR JT vk, JE T 2080 B 5 1 e e Yot ul 75
R AR R 4 T A AT R R P AR R BAS 5, T ST RS2 IR T2 8 B
Forr R, SR TN R A A R S, A AL STV IR B A 2
ZAbs JF BB WISEIR AN T, Bl AT A, AR DUAS IR s AR
A, TR R ARG B2 B 2B B4R T

HAT, XT EAST 737575 fin TRINAZAE — e[ j, 940 3= B4R EE N T2
I3 T AR TG i B A 58 4 DL RTINS BEAIRSS o A T AR PRI S ), A SCER
TR TR AL BESE A DE-Bi-LSTM ByL M7 &, B4 @0 728 il A
WS-, SR H R 7072 0 e v A T
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4.2 FARTRAL TR

4.2.1 BB AFERR EY

X RTINS S SRR AZF I, MR RO B E R, e
A DR AER TS S M GE T AN PR AR, et 0 7 2R 10 TARIRES
AEBIE SN BKAE S fe/ME WEESIHRE, WK 4-1 ros. ek
W A5 5 R AA A S  IR VS AT A Ol o 38 I X I Ee G T RFAE ) 20 BT »
T TR TARIRES, Dy PR e i E 2R, S0 TR .
R 4-1 BI G THRFAE

ISR e 1 2% Fik e
SON | X = max (x;) N
/AME X, =min(x,) HEN
U X=X =X 8N

1 N
TEE X ean = NZ’C" BN
i=1
1 & 2
jj% Xvar :NZ(XI‘ _Xme,m) ﬁ%?ﬂ
i=1
1 & g
*ﬂ#\){ﬁ% Xstd = \/NZ('XI _Xmean) ﬁ%éﬂ
i=1
‘ 1 &, B
i@ﬁ*ﬁ XRMS = WZXI. ﬁ%éﬁ]
i=1
N XRMS
W T X, = x| T2
Xmax
WA A1 X, = ¥ TR
RMS
5 Xmax
B B T X, :ﬁ T2
4.2.2 BiEERAEL

X R BN EE AT I A B SR URAIE, (BRI A 8 B AR S AU AR 22 50K
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HEBEMHSAERE, THREEREREP NG BRI, N T REEI
W SSOR FE R PRI T iR 22, ARERUEH Z-score P fb i, (T HATEFR#EIE
500, BRI N O, betEZEN 1, W@-DAR.

X -X
Xi* — i mean (4_ 1)
Xatd

A, X RN FPEEE, X, SN PEEENIME: X, Ry EdE b2

mean

X, 2t brE I IS Y 0
423 DERZ&MIRLIRE

o BU AR MR IR B AL — B A T IO A ar e B, & TR 2 &R
G G VPG AN T o e TR B AE AR 10 T LA o A A EIBY B, JF BLAE
BB, AP DAt 7 20, |z MRS T AR A R 2 A
TEFIRFFAT T,y BER MEIRAOAE BY ) DL SRl 7 7 /e A 1
BWAT ARG A8 . RGNRAA — AR E SRR, 18 S A s AT 2
SK 2R A P TR JEE R e AN, DR IR TE R G0 T 4R B K 2 ik T T R P 5 A
(Remaining Useful Life, RUL) &N AR . A JIX N, 5] N B ER 1L
BERLEAT TN, BRI 4-1 R

BN e Iy B MEIR A
ol —— RULESARLIF N

35
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AT AR, R mNED KA, FHRErER. 22k,
2 RUL E¥E N 38 I, HARF BT ROR .

4.3 EF DE-Bi-LSTM B9 F R iFEFm
4.3.1 MEERBIpFIE

W 4-2 fii7n, DE-Bi-LSTM AL %} Bi-LSTM #E4T B0 (1) 1 28 ) 48 A5 1Y
BN T MM, @il &2 Bi-LSTM Kt — S bamins. Sin
(1 D R A A i A B K0 A R — J2 Bi-LSTM #4128 0 28 HH N1 551 (TN o
DE-Bi-LSTM B {07k 7 2 A% . 1%, ERE IE MR Mk BT
SCHVRFAEAS B, T B 4 b PR AR N800 s LU, a2 ROUR B, R
I LLE ] E 2 R E S, AR M TN a8 . IX Pl IR B IR 2% 25 1 B
TR A B BTERE, M B i TIA F

y[—l yt yt+l

1 t t

Bi-LSTM_cell [€»

\ 4

<> Bi-LSTM cell [« Bi-LSTM cell [«

A A A

Bi-LSTM_cell [«

Y

< Bi-LSTM cell [« Bi-LSTM cell [«

! ! f

xt -1 xt xt +1

P 4-2 DE-Bi-LSTM 7 45 )

KT IR 2 ST I W B BT R BT, S AR (14 11 5 205 R DA B 3 &4 2
VEREA B BN L2 ESHRE, WM ZENEm, B o
B8NS R 2 OB AR (R AR T B, (BRI B S AR Y S h s T R M, SR
VAR ALY R K BN B ATBY B, I IE WA LA SO R B 18 256 2K
e BUX L5 S, AR I A I8 i 20 L ke vk BB AR 1 2 4. DE-B-
LSTM IRAZHIR L RINT . H— 28 Bi-LSTM, % )29 Bi-LSTM, &
BITRHEN 100, EFFEMELN 0.5, BRINZRIREL 500, F/MLix 3.
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4.3.2 HFEFUNE EHESR

N ERREESR im T AR b TN e R, $R 3 T 80 A ) DE-Bi-
LSTM &AL 53T IR P 5005 o B Ty 12 L 1) 4-3 s o

v
I ) 5
{

v v
x4 A4
v

A

DE-Bi-LSTM AR Il 4545 5

l&

AR
v
FRlZ: R

P 4-3 b R
B, KRN SLIREYR AT AL R, FEEE SRR, MR ) R AR,
I 9N ZREEFN AR EENG b (B A ARAS o 3 I HHH A v A A 2 )RR ALE 1) 2 4 A
IS 1] 25 KARSEAF AR AN, HRYE 2 15 08 B B KIEAE, AW B g i 4
X ESH, MUK RBUEA Y TR R ZE, SRR, ChRici [E
o KAR LS S R A AR AR S N\ 22 & I 2Rt A, F00000 1) e A ik
W7, JES5SEPRMERATX L, I 51 A RPN TE AR RVE A A T 2R

433 HFREFEEULE TS

556 Jy EAST 3 B 4 FRMMHIRGH B, a5 TR A LA MR RS
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8] SR D KRR 8] 25D o AR AR R MR, HRER K HL % BT
WUHAT o™ A7 -

BRI FER AR B K, N T BRSO A B B 2 1 BLAR B R AR A
SRHEE R, R 2 PR IRANE T . RERMIFE N IKHz, fA4
FEARELE 20000 N ECHE i, BAREDNFEARAE R — AP KI5, W E 2P KPR
HLRAG 4 AN RE KT A, PRS00 59 69+ 53, 45, HT =ZHAE Nl
%, &Ja—dENNRE.

4.4 SLIWIUES 53 1h

441 REERG S

RN ZRd R, &l 4-6 2 RMSE iR EIUE, BEEIEAREIWH N,
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FER BRI, BEE e HAARREUR g N, 2N R g Al TP AT TR
B, RABA IR RIUIRES, XMEHE S Qi iaE . ik 4-7 fros
& Loss MG, RIDYFIITREIRGE, /o T Porfol, oA f
NFHIEEHE 2 X Q2 BONTE 7, IRt 2 ) Bl i) — 2R € RF k. =4 Loss
PR LT AT TR, R O e IS, RIHkE) T RIS HICE .,
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B T h 2N BRSSO, B RSB T AE T, 1 R A A R
> BHE T R A6 K A IR R 7 AT A o

442 FEX LS S

NIAEASCITVE A RN, AR5 HAR I VRS0 B sess . BARBE A A0 4
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N T PG AR SR H RS A =R BRI R I, BINTF I 4E %) iR
Z(MAE), ¥J7iR1RZRMSE), trifiZ(SD), “FH4a%t H 7 ik Z (MAPE) Y
P HAE BRI PP Fe bR, Horbx KR E S 5, p AR A7, n AR
Faramb K, WRMRSECE LA (4-2). (4-3). (4-4). (4-5)FR:

1 n
MAE =—=3 |y, - x| (4-2)
n i
RMSE = (4-3)
1L 1 ?
SD:\/_Z((yi_xi)__Z(yi_xi)j (4-4)
ni n i
0 n _
MapE = 100% S, (4-5)
n ‘o ‘ X,
T L s R, gk 4-2. 18 4-12 Fiow:
* 4-2 T g5 Txt b
o 7542 MAE SD RMSE MAPE
LSTM 12.273 8.680 14.548 1.748
DE-LSTM 8.774 5.455 10.203 1.124
Bi-LSTM 8.559 6.285 10.619 0.586
DE-Bi-LSTM 2.511 2.247 3.170 0.312
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REAE AT, Bl Nor BB 454 DE-Bi-LSTM TR Y 77 ik, SEILG 43 F
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BTIRENE 5 LGNSR ARSI 7%, RERS A K04 I 384N I 8] Fr 41 K dfs
MIECSEIEE, Mo B SR ICR s, Em R AR B R, & T TR s
TRIHE T o SRR BRI L2 W 28 5 XA K AE I R I M g A2 &, MR T
Iy B id L H0E R, S TARKRME R, sk 7 EdE R ZE S B IZE .
AR R 0k B I 18] e 1 ) RAB RE D BE 5, RN AR AR TR 1) 51N B B A 3 5 3Tl
B e SIS SR, SRS TR . SEIG 45 RR MIE T 4t iR 72 . driEE .
TIMRZEFI TR G oy LR ZE 4R bR LA RAFIVRIL, 10 B pr i 77 i T A
T g o 7 AR AR A B KR A A e REAT B R R LA T, AT AR R B TR
e FOARL,  JEPE A RENGES 8 I, & P2 fF o T A A 4R 9P ot il A0 5 etk
LUBE G 701 25 B B AN A= AL 24 3 il EE LR o [R] I A B 3R 0 1 R )
SEPEAAT I, 9 EAST SRR — R 44 530, JvAR KR bas T3t 7 —Ff
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58 5 & EAST fr FREFEIDEIERIZ T 5RRE
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