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RESEARCH ON THE VIBRATION CHARACTERIZATION
OF FAULTS IN CYCLOID DRIVE SYSTEMS

ABSTRACT

High-precision rotating mechanical transmission system plays an
important role in many key areas such as national defense, aerospace,
transportation, industrial production and so on. Cycloid transmission
system is a common rotating mechanical transmission system, because of
its compact structure, wide range of transmission ratios, high transmission
accuracy, smooth transmission and so on, it is widely used in modern
mechanical equipment. As the gears in the cycloid transmission system
work for a long time at low speeds and under high loads, gear failures occur
frequently in the system, seriously affecting the life and reliability of
mechanical equipment. As one of the common failure forms in the gear
system, the occurrence of gear tooth spalling not only affects the normal
operation of mechanical equipment, but also causes serious safety
accidents. Therefore, it is of great engineering significance to carry out the
research on the vibration characteristics of spalling faults in the cycloid
gearing system and apply the research results to the fault monitoring of the
system.

Cycloid pinwheel drive system is a kind of less differential planetary

gear drive system, the system internal multiple pairs of gears mesh rotation
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as well as the planetary frame of the self-transmission, rotation, etc. will
produce a number of unique vibration signals, if there is a spalling fault in
the system, it will further increase its vibration characteristics of the study
of the difficulty. In this paper, the cycloid pinwheel, needle tooth shell as
the main object of study, in order to summarize the vibration characteristics
of the spalling failure of the cycloid pinwheel drive system to carry out a
series of studies, the results of the study for the cycloid pinwheel drive
system failure monitoring laid the foundation for the method. The main
research results are as follows:

(1) The cycloid pinwheel was selected as the research object, and the
material properties, contact stiffness, friction wear and other factors were
considered, and a single-fault system model was established by using finite
element software, and the simulation results under normal operation and a
single fault state were compared and analyzed, and it was concluded that:
when the system produces a spalling fault, the acceleration amplitude of
the cycloid pinwheel and pinion shell becomes larger with the generation
of the fault; a large amount of the faulty gear teeth around the mesh
frequency will be generated sidebands, and the amplitude of the meshing
period and vibration response information increases.

(2) Selecting the balance wheel and needle gear housing as the
research object, considering the influence of relevant physical property
factors, using finite element software to establish a composite fault system
model, comparing and analyzing the simulation results of no fault, single
fault and composite fault state, it is concluded that: when the system
produces a composite spalling fault, the acceleration amplitude of the
balance wheel and the needle gear housing will increase with the deepening
of the fault evolution degree, the number of faults increase; the frequency

of the interval, the engagement period, the amplitude peak value of the side
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bands are significantly increased compared with the single spalling fault
case. The interval frequency, meshing period, and amplitude peak value of
the sidebands increase significantly compared with the single spalling fault
case.

(3) The performance testing experimental bench of the cycloid
pinwheel drive system is built, and the spalling fault is implanted in the
cycloid pinwheel drive system, and the vibration response test experiment
of the system spalling fault is conducted. Comparatively analyze the
experimental results and simulation results to verify the accuracy and
reliability of finite element simulation analysis.

(4) The traditional CNN, LSTM, wavelet noise reduction combined
with LSTM, and attention mechanism combined with LSTM neural
networks were used to process the vibration signals collected from the
experiments, and the results of the different neural networks were
compared and analyzed, and it was concluded that: the training time of the
attention mechanism combined with the LSTM neural network is shorter,
and it is able to automatically extract the important feature information in
the input sequence and obtain a higher accuracy rate when dealing with
data with interfering noises. It is an ideal model to improve the accuracy
of fault monitoring of the cycloid drive system, as it can automatically
extract the important feature information in the input sequence and obtain

high accuracy in processing the data with interference noise.

KEY WORDS: Cycloid drive train, Spalling faults, Vibration characteristic,

Signal processing, Fault monitoring
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PR BT 2 AR S, LA R (2-6):
ﬁ=§9 (2-6)

M A2%S BT Ae AR R s, LA (2-7):

A
Heva =2 -6 - p.
RIERLHEREH E L2 HORE, WA (2-8):
x=(R+1)cosf —cos(1 +5)9
{yz (R+r)sin9—sin(1+§r)9 (28
232 BHRE R G = YERREY
BAAT AR R E R R BHOLE 2-1. 2-2,
*2-1 FBH
R4 ZHE S84 ZHE
Y NUER g 12 fiCBE/mm 2.4
TR AL 44 {7 4T Bi/mm 16
FREH A HL 59 B EAR/mm 10
BHAT A AL 60 B b B AR /mm 165
s Jif1° 20 1T B E 3

*® 2-2 FLENFES

2R Mk FAPERLE(N - m?) MEL =

17 AR 20CrMnMo 2.07E+11 0.254
AL 20CrMnMo 2.07E+11 0.254
Bk 5 GCrl5 2.08E+11 0.300
ITRZE ZG65Mn 1.98E+11 0.230
PN L 20CrMnMo 2.07E+11 0.254

AT R A PR TT B B I RIS Th BEXT IR L s fe AL sh R gt AT i . 2
TR 2 RIE A IIRE, KR AT R 2 HAL T R A AR A A I S A A R S B
AR EHRLET AR I B 2 R B T RN SR 2R ThRER
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NORAEA BR TG 73 A 1) — B SR IR 1S A5 E S B i, $RE AT AL B RGN
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S W N T R 2 DA

25 HEERDh

i R e R A R 8 2tk Rl b M # e A% 5 R G AE T
PR A ANV MRS R RO H AR, T DO B R G0 R F 1 A R
PRI IR 3 45 5 SRR AR N A 2B AR, RIS 5 ATV R R 2B 1% 3 R 4t s
MR EAR . R ERA IRTE R BT AR, 58 RV B IR A AT TS Bk
S TR AL R 1A B ERENESRERE T, BT RLRL
EIE DR Pl LT = A IR L S P Py 9 O el R 3 5 A ol nbei i
FEANL,  HOREINIH A% A8 B A AT A 52 AR, LR R G MIRE 5. DIk,
TR, R SRR B O R N AR E AL E
2.5.1 Mises 2 J153 41

BEXHAFAE RPN TE R A 00, 23 IRHE L BT Fe ANEH A 5252 Mises
IVVsE

(1) W 2-8 fiw, HIBRLRICLEE TN PO IEREI, 52 2 RIVE Sz i (1 4
LREHRE ) Mises N /1K T RSB M 3R 244, DR A7 A8 RV P ) 45 2
G PR M B AR B DX R I R 4R 2R B R D — D e B M S R, S BUK
HAESITS, ML AR 1K

S, Mises S, Mises

(F49: 75%) (F9: 75%)
ieoiasiol 178456101
+7.286e+01 +6.405e+01
+6.559e+01 +5.767e+01
+5.831e+01 +5.130e+01
+5.103e+401 +4.492e+01
+4.376e+01 +3.854e+01
+3.648e+01 +3.216e+01
+2.920e+01 +2.578e+01
+2.192e+401 +1.941e+01
+1.465e+01 +1.303e+01
+7.37 1e+00 +6.650e+00
+9.421e-02 +2.716e-01

() & FIVE M PEIR L RN = (b) oM AR A R 8 ) =
[ 2-8 SR LA 4L 7%

(2) WAk 2-9 o, X FAFAE RV SR SR 2 BT Femt 5 41 A SE A e bR 5 46
BHEEME S EH i e B Mises N7, IR AR BT AL 7K S8 e TR AT AAR [P B A I
PIFE ) Mises N EAHZEAN K o T REFE A7 FAS Y o (0 R s S AR R B, [
FHNTe A BERAT g R, BT SRR A 52 52 B Mises M /12047 .«
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S, Mises S, Mises
(*F9: 75%) (F4: 75%)
+7.845e+01 +7.734e401
+7.192e+01 +7.090e+01
+6.540e+01 +6.447e+01
+5.887e+01 +5.803e+01
+5.235e+01 +5.160=401
+4.582e+01 +4.516e+01
+3.930e+01 +3.873=2+01
+3.278e+01 +3.229e+01
+2.625e+01 +2.586e+01
+1.973e+01 +1.942e+401
+1.320e+01 +1.2992+01
+6.680e+00 +6,551=24-00
+1.562e-01 +1.154e-01
53 27\ == — IR 27 = — IR
(a)FIV& MRS T B e N ) = K (b) To M RRARES T I A 52 B ) = ]

K 2-9 B ke N ) =
L LRTIR, MIBLRAT R ATAE RITE RS, Mises B /7B & i T I MERIRE R
HIRFTo SRT, 0 R BIEH AT, i T RIS R AR BN, HEe
WA AFAEMG SR JE , 45 A7 16 3R Vit e A0 G o A #R 2 B 8 AE 55 1 1A il 5 I
BAFE2 B Mises M AJBWA K. B, FikmAdalE R & e ik &
2 ik 00 PR A 9
2.5 2 iRENFFIE SR

MR A7 AE RV R AN SRR R 00, 20 AR 2 B H R AN A T S U
JZ:

(1) 4 2-10 Pios,  SIBRERET R AR LRI VA sy, Honsd B iR v T e ik
FERAS T IRRLETRE, IR BRIV )5, IREh(E 5 2288 AL .

A, Magnitude A, Magnitude
+1.031e+06 +1.§gge+gg
+9.447e+05 +1.528e+
+8.588e+05 +1.389e+05
+7.729e+05 +1.251e+05
+6.870e+05 +1.112e+405
+6.012e+05 +9.7280+04
+5.153e+05 +8.339%e+04
+4.294e+05 +6.950e+04
+3.435e+05 +5.561e+04
+2.577e+05 +4.172e+04
+1.718e+05 ﬁ-;gggig:
+8.593e+04 .
+5.945e+01
+5.668e+01
S ST AN A > — 7. L N —
() RIT& WP F 2 e I = 1 (b) JC il R 2R A0 s = (]

K 2-10 FREETFE I = 1A
(2) Wl 2-11 Frox, HEHA 5 A RV SRR IR LA & IR RS, Bk
AL B IR R B0 R, O R W T S e R R A B R e
S RIEEE . X R UIE IR LA R ARV SR, B4 52 e 2 Mk sl i o
bE G i REbR 2 T BRI 2
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A, Magnitude A, Magnitude
+2.368e+04 +3.022e+03
+2.170e+04 +2.770e+03
+1.973e+04 +2.519e+03
+1.776e+04 +2.2672+03
+1.579e+04 +2.0152+03
+1.381e+04 +1.763e+03
+1.184e+04 +1.511e+03
+9.866e+03 +1.259e+03
+7.893e+03 +1.0072+03
+5.919e+03 +7.556e+02
+3.946e+03 +5.037e+02
+1.973e+03 +2.519e+02
+0.000e+00 +0.000e+00
[N N e AL
(Q)RITE BRIRA R A T I = & (b) To M RRIRES TN UG 78 s FE = ]
K 2-11 SHAFE IR E = 1A
N . =Y NN [ K
EfTEA R, PR AT BRI AL A, IR AE SR PR RIOIRES T 1% 0 x

T I A S . AnE 2-12 PR, BT 0.05 FPIEEE 52 B4R 1) I HoR A% m 21
o, FEERLERIEEARE, MR IXEBIEES . RIEE a P ERIE
B, KRAFE 0.28 PPN, 4k 5o fE SR R IR R S I e B 7 — A
Sy, A A RN R U R 24 D A (R B T B PN e R IR S T B ik e
AR A REAE R 10 7. IXRUIGIRLHHRAFAERIVE MRS, 123 RGN
A5 T B AR 2L AN WLR RS R i, HAZ e o I K e
HOPRZS T AIR B 084

IESE (mis?)

| | |

0.05 0.2 0.25 0.3 0.35 0.4 0.45 0.5
IFa (s)
() 5 o i dm e i
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(b) T s S
B 2-12 $RENME T I I 1

IR AL B R G A VR BRI, I - P B R S I L ) A
WRRFAE, (H R IS I T 1 3R S 0 254 DL @B AR A, N 53 B 3 o e I ok 57
AR 445 B AT 5 B . W 2-13 FoR, SIRERE = ERVE s, Hik
% 3t B8 1 ) B s 2 216 T A0 1 TR (9 IR G S 2 AR R B E A, S EURANE
o (PR AR A A% R AR B AR B gy, ETTE R T K idat . iR 4
Kl a 4R ALIAME B, FHARIAH Z ARG 220 793Hz, X MEUE PR FARE T2k
RS b S b e I A

BbAl, EABLREHEE R A R VE TR, WA SR I A 2 B L T R RR S
TR, B IR A 2 K T JE RS T IR, AT I it o SR
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2.6 RE /N

AEGEN IR AR R R ) AR s R GUA PROTHE R, IR AR 4T
PiE M, Fe T 07 JAF B0 2= BRI [ rh (R sl A L, RS RS0 3%
LAt fesh RGP R G TREOIRE, B4,

(1) B HTHELREHFEFET 5210 Mises N A= B, B HEMATEHT S Mises
LA RN S I B RN, TSR N R Gt & 7 AR AR . A
NAE R SR IE rh, s AL RS ok L e L BB AR b, W Mises
THEANIE BLAF b e I PR 4K 5

(2) I ERLRAT AN A S IR =, FTRLWE B R R IR L b4
B FERT 5T, A7 AE K Vi AR I o 58 R A 78 2 S BB RE N o A7 AE Vi o
I, 3 AN P M R R K e MBS TR IR e, A, I PR 2t
FERNET WA TN JEE 75 B AR R AR RN, R DA i 2R e 7t Bt e o

(4) I 1EEh RGRHRETE, 15 R R R AR b, A ke
A EN R BN 2 P W S IR sh b el O ELAE XA ok U] 7 A R e 0
Rz K T oW BRI o WG 3 73 g 3 Pl 3 e g0 06 P A A AT
(RIRN, RTRARID I 2R Gt T A7 AR o

(5) BT iLsh KGRI, Al DU SR B R AR 8 BT b
HORRE G2 5k A (AR ] B B Ky o R 0830 i 22 1) ) g A5 D 4K
R T HVE I EL IR . HeAh, ERVESERRISZES, WS A ARIE R &
A PTG . TX e DI T SRAT 1 R SR A R AT DUSE v B OR RS
AL
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5 35 AN RS S A USRS T 5

3.1 KESIF

A DRL R ANEH R N R, I8 T 555 2 BA R KRR
W PE R, 7E AT BRICIE oP EE ST T AR R A R S 2 A T R
7 BRI 45 T B PR T T o S X LMW R AR AR AE S VR s,
FIVE SR TE MORR AS T LA R, WA T R e s R G L A 7
VE BRI R B
32 EAMPE ARG =4 1EE)

SR A TR, A PR IGIRE ER IVIEHE 4, AR TE MO A R
ST 2050 R AN U 524 U2 EYIH) 0.5mm FRVREE, & 3-1 Fik.
HARMFMEETT KBRS SHI955 2 =¥ R 5

KT b B

.

<

() T8 W2 k5 (b) 7% Hliet ¥
31 42 4 R

33 EAHREAGHRTIER

NRUE DT I R GEE, AL R AV i beAT IR oA B g R o P 75 A4 e
BYESH P S L B S8 AR A L R S
%2 mORFF 2

Sty IR T i R SR ZR BB B At 1A e B A X A7 A R T s,
ORAEAT IR 7870 A9 BT R e 51 0 s 25 1 o A M A [ S0, -t P38 20 e Rl o
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8 WR YN TR R A9’

BEUG TR RS R 53 75 SEIIRE A . SR A5 A% R 1 X% Jo B R BB B I SR A B2,
VT 1A DX A A B T TR 7S T A, BR T D 58 2 Ah I FAR AT 94 R
VU TEAR TR A% BT, IR JUT RN IR B B O et . 5 R EoR, B RGiLR
g3 231142 MRS FL TN 53332 N5 A FREREHRR RO 55965 AN Mg BT
12374 AN G BTG 14419 MRS BT, 19 AU EL 6053, KI5 A% S
R A 5e . ARB L e SR I 3-2 FR .

(&) R e 720D s (0) 475 MR LS o
P 3-2 WL 157 P

3.4 HELERDH

BELA0L 5 B VA W s 1 ok R AT AR A 5 sl v AT O B B b A AT
ToHRRR L B — VR MR AN S RIS URIR S T R A A e s R AT B AR
FHANFEPRES T BRI . Oy 7B SRR BN (5 5 I SE IR 561, 72
A R R BN AE S R U A TR e B R AL E
3.4.1 Mises R J153#f

BEXT RGUAFAE B ARV i R B AN S = Rh L, 70 0 FR R
BHFAEHA 5252 Mises 77 :

() Wl 3-3 s, RS RSEH NI A O, R HRITE
TR, BRI R T Mises SR . B — ) ik i) 45 SR el T
FREAT R MG Xk D — AN e B SRk TR S R R I AR 2 R
FREATH R A EE I 7 B IE & DXCBCERAF AE A e B R I . AEAH MG S AR T, IX
PR OL T H#A RVE SR SR B b i A AE . BRI, B aRIVEHMERET
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FIIRLREN 52 2R Mises N JJAHEE HAL A MRS K, (H 5 B — 9% WU 1
FHEL, Mises W A7 I3 INFEANIH . .

S, Mises .
(*Ft3: 75%) § HISES
+8.886e+01 (F43: 75%)
+8.148e+4+01 +8.742e+01
+7.409e+01 +8.014e+01
+6,6692+01 +7.286e+01
+5.930e+01 +6.559e+01
+5.19024+01 +5.831e+01
+4.451e401 +5.103e+01
+3.711e401 +4.376e+01
+2.972e4+01 +3.648e+01
+2.232e+4+01 +2.920e+01
+1,493=2+01 +2.192e+01
+7.533e+400 +1.465e+01
+1.380e-01 +7.371e+00
+9.421e-02

(a) K& FITE MR PR LT RS B = 1B (b) R P S BAR Z B FC IR ) =

S, Mises

(*F9: 75%)
+7.681e+01
+7.043e+01
+6.405e+01
+5.767e+01
+5.130e+01
+4.492e+01
+3.854e+01
+3.216e+01
+2.578e+01
+1.941e+401
+1.303e+01
+6.650e+00
+2.716e-01

(C) M E LA e (N =
K 3-3 SREETH RN = 1A
(2) i 3-4 P, ERLARALTIRG T, HEHA SRS BN () 2 A
I, FE=MAFEMRET, Mises N HEA P RBHIZER . X2 B A R eE R
SIS ALY 3 ) SR SRR AR AR S N A e N ERAFAE — S IR RE, DL I ) A7 A2 W4
e, KBRS A R Bk, {CEdE A7 B Mises B )
BAE TR AR TR L ST AR BN R A TARRES .

S, Mises S, Mises
(F#9: 75%) (FH: 75%)
+7.875e+01 +7.845e+01
+7.220e+01 +7.192e+01
+6.566e+01 +6.540e+01
+5.911e+01 +5.887e+01
+5.256e+01 +5.235e+01
4.601e+01 :
MRVt +4.582e+01
132930401 +3.930e+01
+2.637e+01 +3.278e+01
+1.9826+01 +2.625e+01
+1.327e+01 +1.973e+01
+6.723e+00 +1.320e+01
+1.751e-01 +6.680e+00
+1.562e-01
AU b i U 2 —I& > S L 2 e — 15
() B & V& W i 52 N = B (o) BRI P& M BT v e N = B
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S, Mises

(PH9: 75%)
+7.7342+01
+7.090e+401
+6.447e+01
+5.8032+01
+5.160e+01
+4.516e+01
+3.8732+01
+3.229e+401
+2.586e+01
+1.9422+01
+1.299e+01
+6.551e+00
+1.154e-01

(C)JCRIVE M £ 14 52 ) 2= &
SRR RS TANA PN <

L5 LRTIR: TR ROETE IR AR, R GUAFAE B A vk i BB 3 VK
I, BREETEPTZI Mises BMEMZEAKR, ToiEAE NS H bRt W R 58 A &
WA B IR H AR T PR R AT R BT ) Mises N JJE A2 W]
RIEER T, AHERAID HIM R LA R AL B 2R G0 B2 15 7 AR R AR A s HH
TR 2 B0 G B 5, AR 0 B R T R AR AR BN BB 14 5 A BEER
J%, KITE RFAMEE GRIVESIE . B —RITE SR AT R =FRES T, £k
FERTSZ ) Mises MR EZE . G, EF6TEE A 5216 Mises B JEANE A K
FINTIBRE AT 50 AL B R AT
3.4.2 PREhHFIE IR

BEXT R GUAFAE B A R i . BRI Y iR A T P = 0L, 20 il X R
e R 1A SC S UIN 34 -

(1) Il 3-5 ffios, HIRLEH AL S0 RO LRI AR, FRECEHRE s
JEAE LETE RS N BRI A K — M E . Ieoh, FERGFAER
B FIVE RN, 03 AR WY R v T R G A AE B — VR R I R AR . 1K
R, AR RALS ARG RAERNEEG, RENME T 2 L HERIRE T
B b, BEAESMEECE RN, IR MR

A, Magnitude A, Magnitude

+1.456e+06 +1.031e+06

+1.335e+06 +9.447e+05

+1.214e+06 +8.588e+05

+1.092e+06 +7.729e+05

+9.709e+05 +6.870e+05

+§-3gge+8§ +6.012e+05

+/. e+

160656103 4S04 toE

+4.855e+05 +3.435€+05

+3.641e+05 +2'577e+05

+2.428e+05 +1'718e+05

tl2ldet0s +8.5936+04

+5.169e+01 158686401

e e N T _ N . -~ . .

(Q)E A RV bR L I 2 K (b) L3V W PR 2 e I g =
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A, Magnitude
+1.667e+05
+1.528e+05
+1.389e+05
+1.251e+05
+1.112e+405
+9.728e+04
+8.339%+04
+6.950e+04
+5.561e+04
+4.172e+04
+2.784e+04
+1.395e+04
+5.945e+01

(C) Tt B FR LR Tk 2= &
K 3-5 SREEHFEINEE 2= ]
(2) Ml 3-6 iR, FRGUAFAE RIS SRR A1 58 L R od B2 A8 bE AR &8 e
I £t 58 RN FE AR R — DN S RS B R i 5 A7 A R i
B LUAE, B A A R 5 A Y B A7 58 777 A Y T et B i KT H 5 e I
R TE P AR BEAE o SR B2 BRIV S b iy, A1 A 50 32 B 1R
Aty LU IEH GO0 N BEosm A . M0 2 4 A 5 A B B AF AR R T B, R e
ERIE iR W B3 m, 2P T RERIREPIRE .

) A, Magnitude
A, Magnltude +2.368e+04
+6.446e+04 +2.170e+04
+5.909e+04 +1.673e+04
e
+4.2085104 11387104
+§;gge+gj +1.184e+04
126866104 +9.866e+03
157490104 +7.893e+03
+1.612e+04 +5.919e+03
+1.074e+04 +3.246e+03
+5.372e+03 +1.973e+03
+0.000e+00 +0.000e+00
/\ ShE &> ak == > — o shE a4 ab = > —
() & A R e A 7 = E (o) . I B G e s B
A, Magnitude
+3.0222+03
+2.7702+03
+2.5192+03
+2.2672+03
+2.0152+03
+1.7632+03
+1.511e+03
+1.2592+03
+1.0072+03
+7.5562+02
+5.0372+02
+2.5192+02
+0.0002+00

(c) e bt e i e ==

B 3-6 BHATE I 2
A BERAT R B AR B AR A5 ) DL AR (B AR A, I 3805 5 BT AT Ok
ToIR AL SR, A B ELE I i U G A5 tH 4 2R . R R b, st
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W7 PARE — SAE I, FRiC sl A SR =MOARFPIRES, 2R E R A
A x 7 TR BAEAE 5 2

400 -

X 272.9 xAarar

350 - Y 382.8 ] Y 3828

300

250

200

i 17 (mis?)

150

100

50

1 1 |
0 200 400 600 800 1000 1200 1400 1600 1800
i #%(Hz)

() B & ifbsRah (5 5 o K

140
X 603 X 1396
Y128.7j Y 128.7
120
100
< 80F
E
i]:;
E 60
40 -
204 ’

0 200 400 600 800 1000 1200 1400 1600 1800 2000
% (Hz)

(b) B B PR B 15 5 AU 1 1
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70

60 -

50

i i (m/s?)

30

20
10

1 1 | 1 1 | 1 | 1 ]
200 400 600 800 1000 1200 1400 1600 1800 2000

o A,
8] 3-7 3R {5 EAT R A it et L

WK 3-7 7, RS0 A RIVE SRR, W5 A2 BT = A K& i, R
BE B RS0, RV SR I I R A i A e R S
(B MG & 5l A IR BEAT S, EWFIER T, S I W 7 A
2Dk

XTHCE ay B b ATAL, MRS HILE G RITE B, mE S A AH Q1 A]
IITRIRR 2N 1454HZ; 24 R GE AT AE BRI V& MBI, 5 5 A 2 A 48320 7 [ B £
N 793HZ. E BRI EUER L, REH IR A R TE R R, AH S0 1] B A
KN RITE RGO T ) 1.8 f5 . BRItz 4h, il Mg IE(E [A] BE AT A4 R 48
I A V5 SR, A A 0026 ] B BL RS VR SRR R s aE i O R B X
b, RG HILE S RIVE SRR, PR3l NAE S e R U 2 bL 5 b
BT %,

R BRI, HEBEERAL N R G AR TR RS, mE S AR B R B iR
B BER S T R EUE K. FE RS RV SRR G I,  mE A 505 5] 1
K, AHAR T 1] B A0 2R AR AN R AR I S S EOE K . R TR R, ¥ 2 MiRE)
Wi NAE BEREI M, ARG AL B 2R G0 0l P s U SR A B I mT FE L A T 1) B i
A -
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3.5 RE /N

AR AR TINERIL T & 2GRS SRR LA R ah R g,
AT TOTE Mo XA FPIRZS T 5 BRI BT A (IR s B A5 5 2EAT
T, B TR R AL S R G SR IR SRV T T R XSS Y PR R
B ah RGTHHRE ISR AT R . AT

(1) DL 2E R (IR R B R AN A 5 W SURT B, X B A = AN [ i
P ALY Mises Mz K, 15 RLREHRAL BN 58 Gt th Jo il b A2 2 F s v
s, AR RIE SRR AR, SRR R BTS2 Mises N {H
AWK FHA S TR ARG DL BRI, HLPT2 [ Mises N /7{E K
NI LR BRI RN, TEIRAE DRI R G 75 AL R A AR o AR LSRR
LIRS A% RS ok B8 A B FR LRSI EIRANfE S, (U8
U7 2T B AT SO B I SR> S8 R E AR, DIE Mises N JJME AR b ANE HAF
PREREH 0 AL ) 2 G0 e DA A

(2) VA=A ST s (R R 2 AT AR AN G 1 S ORI TR B, 6 b it =R A [l
b ORI = K, A3 iR R et b 2 ek 7e, B RS
PRI ACREREINR, R AN, T RN E S BE R, R
S i B B S M SOR 25 . PRIk, SIS 2 B BUE R R, T
CAAIZE I W7 22 58 N 72 T A7 AR

(3) LAEF A TEA AT B AL B I A, T B a3 A = AN [ kR 00 R A
B, 19 W IR AL 3 R G R A RIVE SRR, SRERET R S AN Z R a5
P J] [l 2t BLVE 2 AU F 7, I AR B o SR o 5 ) ) 30
Py 7 8707 2 B R 2l U8 A O P TR ) o RS B 8] A R A 11 5
AR, R ACRE IR, WA S R AR QI T [ (1 TR R A AT R S0 Wi
S PR MR L e B 5 52 AP RO R o 5 2 S MBI P it o 15 280 10 i 0 o o5 /2 P
TR ZR G 75 AR R SR P 5
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B 4 B BEHREANREREIEIRENFE LI

41 KE5|5

IRENME T R FRLEH AL B R AR I I B, 29 R G B F 1 L e
I, HARNE T ISRt 2 R BN A . REE NS Caxir 24
A RN BRFE T T KR [ SEIR AT FE 50, (AT A G0 A RV R A )
IRENFFIERT UL AW AL o NIEAT FRTTIT HAE RAHERG I, $42 73R4t 4t
RN RGMERER ML &, AT T IBLREH AL 3 R GE V& S R 3 45 1 Y 96 11E
el , IR LS gs REEAN T AT H M IRENE S T SRR AL, R PR Ty
UIECE i MR e
4.2 RS RN AR RN LI & K LI KM

WP 4-1 B, AR RS RRISRE (LY-XBRV-04) (0418
AT BN, WAHL. SRl PR . SR T
BRGSO, AL A SRRV o, I 35 5 R0 22k
BRI R RO, MBI AL, T B30 77 76 R MR R
Ho e R D BRI B R P RGN s 3 DL BLF T B .
RGO TR S LA R, T BB B S50 8 L
V8 2 RO AF B UL 4-1.

K 4-1 BREEH AL S R PR RIS I8 &
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* 4-1 LI EHASH

ZH 15 FH 26 A 7 & I BE(mm) UXEh AR50 B L
IREEIE -109-+50° — — —

M/ 380V+10% — — —

5 — L — —

R — 1800 * 600 * 100 — —
il i HLATL — — aik fik
HIE HL — — 220V 220V
BUE T3 — — 750W 750W
B — — 300rpm 300rpm
WUE I — — 239N . m 239N . m

SRS I R R I SR R R AL B R G RITE R IR AT R AL B R
SRS HUTR 2-1Lh B SRR R RGN RIS 0 B IR AN 5 R4
R BN 4-2 FT7R o 5 RS £ I PR SR A A LR R KRR P R e I B U
el i B IR TR SRR AL B RGHMTAELE o I &SRR RGN HD9200 £
W RERG, MASHNE 4-2; IEEALEN IEPE =& A InE
K3, HXSHE 4-3,

& _ :
ﬂ HEFEES MM |
L
v

Frimlis
iErEt
fesh &
4t

5-4-3-2 H\H HEL AL

= He /e
IRz }—N— ters

3 4 5 6

2
K] 4-2 $REREF AL BN R G PERER I 9256 & a7 1K
& 4-2 HD9200 %l iE s K R G AH RS

2 HD9200 2 il I8 A i R4 R 4
TAEHIE AC100—240V
N\ J@IE 16 iBiE Al
HANFE T3 AC-DC
KHRER 16bit [F]25 Kf
KRR Max 102.4KS/s
KRE A Max250K
(ELU =4 96dB
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R 4-3 = JA) s A SN AR IR AR AR SR 24

24 =) s F O A SR
RE 100mV/g

AR K. (#1dB) 0.5Hz~5KHz
TAEHIR 2~10mA

BRRHHE S 6V
M 75 2] 50uvV
HiE 54g
fi 7 2K L5 [ e 2 2

e WK Bl AL N B 3 500rpm . FHFEIE v 300rpm/s. G B A AR N
60Nm. Ky 32K, K piF N 15K J5 5 3585 6 T e S5 .

4.3 LIRS

M EH A S AMEZR B = A B A K as X 5 RIS A IR 345 5 i ih £
K 4-3 Frose dEE aBon, B o P W S iR 0, S B bl R Vi B S 1Y)
PRBN o B, LB G B 3 A DK R SR e 2 0 1A' T J 3
SCA £ R SR I RFAE SRR (I A R, DN R G NN IR R AR RV, HL
RN AMAAERE S RLE, BRI BEVN. JEE b Prn, LIRS T
%%%%mﬁﬁﬂ%ﬁfﬁm,Hﬁﬁ%ﬁﬁ%ﬁfﬁ@ﬁ*?%%ﬁ%¢

[CATT4I3.070.079 - wllmusi TE0/T03 1407570034 239 570080 |

......................................................

(@) 75 75 10 0 S B

31



S W N T R 2 DA

S[CATD 570003 S00A002 300/ 002 Ea/0 o 1572070001 ]

.......................................................................................................................................................................................................................................

‘W':Tﬂ';:éjiﬁmm

(b) T b 7 526 S0,
] 4-3 S 2k
4.4 REBINGE

AREMRYE HARABUE R ER R 1 R R R et mil sl G,
FFHEAT T S IR AT R AL B RGUIR NG 5 RIS A7 AE I VR S ) R LR
RALZ) R GIRENE T RE LR, MRYE LI RATFHIIRBNATE 5 S AR RIS B RFALE,
CIEEE

(1) it S B R MIIREN S5 5 L2 ] At 2 al 0, Rk Fe 1Lz
ER S R U 2 B v S Eo e S R ) 4 P 4 1 S e ata sk il
WA B RE R . B R ARG 22, B S R PR I AR A L B T
o SERIRTG IR SR IR S INRAFAE 5 A BR oo 0 H A R U, 38 T
FAAE SV R A R O R ) D 1 K 017 o M O T S

(2) SEHREMIRENE T BR 1 AIIRGESCR A . SRS IR R PR T 1 H A
FIEENE, RO — FE T M T IR 5 ) T B e 2 I A AR R AL BR AR B 45
TR
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£ 58 ETREF IR R IEsh RERYHPE N

N T B R 22 B0 2 ) R AE P SR 103 AR rh Bk 2 W I AR RERE T A
FAE T BRRH rh A BZ FE AR 1 o), AR TSI N—FiE R U] 9T 5k
LG8 R R BT F0 A% ) FR G0 5 i A Y 5 51 N3 i L R IS i X3, 1%
TH TP B A SRR e JE AR A TN PN JE AR N ] LSTM [
2RI B O 2H N o B R DR O N N B 2 bR R LR A AL S
LSTM fZg e, %f Ebfd Fl4% 45 CNN. LSTM. /N &M 4E & LSTM. VERE S1HL
254 LSTM HUAHZ 26 Ab 31 S0 SRR IR ENME S AR, XS EE A A [ ph 4
[P 246 Arb 380 TG M 75 RV W P PR BE (IR BN 15 5 IO BOCR S $i H M R e 1 o 40 ) 2% 7
TR TR A AL S R A MM IS, B2 R G s M U 2R
5.2 BT REF SHIEIL B

5.2.1 1)\ PEREE

UM & 1052 170 R 72 2 O W 2 S BOMUMAR B 15 5 ST P R A 1,
S BRI SR RS L {5 L, T LA o e B R B LG
LA A AR 05 5 (R Ay, T R TR BN 8 (R R, i e
R, ST SGE T, %0 RS S A R R, B
b R A, AN FLAT TR I B R R A, R4
I 1) P P A8 B B R A 2 I S A B 11, T DA e )
Iy RS 5 R ARG, LR BR R TE 0 7 1 U & B SRR BRI 43 2
YRR — YRR ST Ak, ELA B R R, SO AR B R I 3
P I FO ) O 23 3
N PR AN 5 AR B R LA 41 B BB, /N DA 7 e
1 PR R, SR MK, KA. B 0 K. X TIE
LIRS (o), N LA R (541,
Wy (a,b) = |a|™/2 [, f ()Y [=]dt (51
Hof, a RERERET, b RETFBE, pON—TFHTRER. Zy)
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WREAR, WA (5-2), WFRY(E)N—AFEANE CNERERED.

Cp = [, 4oy < oo (5-2)

o (OBATIGRITRE, WAR (51 & (5-3):
Wap(t) = lal 2P (53)
a=al,b=ay"*Play’ (t — kby)] (5-4)

Vo, OFR/NEE R, Hfa beR, H at0. ELH /N HFREAXT
WAEIRFERFEEMRR, — Rkl WA (-1 & (5-4) KEEL
WERfE CHodr j, kK NEEHD HAAERTEENUEE, Ny, , (OBERE AR AA (5-
5). FEEBRN AT, BE N RHE N2, B4 ay =2,by =1, WA
(5-4) AHRAKM, (5-6).
1.(0) = ag"*plag? (t — kbo)] (5-5)
i) = 27729277 (t — k)] (5-6)
A (5-1) & (5-6) XA HUNEZR R (DWT) WA (5-7):
W, k) = 2072 [ f(p[2772(t - k)] dt (5-7)
NSRBI A R HUN B AR R LA B AHE T PO N AR Ty
o GOTEEET EHUNEAH, 55 7 Pod (A ER(FFT R EAR, i
TR SRR VA B R SR g /N AR i R o A, RN I AR e i A SRS A A
WRIFIRE S, RN AT NESMEE R IE H FWT 07N AR Re &35 5 4
Ao, REEE SN AL, WIS ST AR, B IEEOM LM AUR .
FWT W] LA i A5 5 FARAR o0 A1 i AR 43 SR Ja AN 43 4k 8L 3004738 A 73 i
HBEIARRANRE. B EGESER R ARE, WA (5-8).
f=Wo fufar s fu-al (5-8)
HNRRESWKE, IaPud/NEs#: (FWT) A ] e X
NARXMN, (5-9):
c=Mef (5-9)
He, MBHARNK (5-100 t15HEAS3], My, My, My, Mg 2B TR¥HA
T

155 0 DRI iy 0 2R B AR A R, A3 (5-10)
My MLH]
M = -1
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el —IRA A, ATLCREIR 1S S e DU 0 R 8L Heb, e IR
PRI R EG e R I REG o NTEETT RS R EG cyp
X 25 ) iR AT O [ AR

I RE R, RS S o A, 0 SR K S S AT BRI /N AR
ERMCE B 2 BN, e B AL, W (5-11) B3 ok HA 5

UL EREE

b

f=M"c (5-11)

ZIN IR A M ) Do B R T /N A BT R, HAR O AE TIE I NS S AT N )
fie P LA SR S TN 75 IR 25 B o 107 VR eIl PR /N i AR e SR AR AE S AT AL
B, EE ST /NN, KN FEELEN TE S, SRR
BOAANT RA . XKL, IERLREUIR 7E S RIRE R, HRBTE
SHAFEE S, FHRBERORE SHEMEE, REITE 5 I B0L &%)

WHAFOTS, BB TE SRS s, a5 a M ERE B iE
i S ) T A AR 4 182 [RI, /NI R e ) O B A R gl S o v A R
ITBMEALEE, DLZPRMEA . BEACPEE T DUR R B WA R BOE W /A fE i
TERVEEA, WESR/REB0EF BAERNEE. RIEX—FE, EdE—
NEER B, FTRUR /N T ZBE R REENF, DURB LR A AR M
155 REON GERS Ok B BOR IR, fE1915 5 1A FME B Re 13 20k B AP .
X R B AL B 7 VA B T4 A5 5 (R E W BE AR R o B0 e B AN [F] A
ZINIBR R M — o AR B AN R R . REERE D TS BUE RBUEE, K
BB U X R BT IR AL B, (E18 REUREE A T,

ANEER BB T B R WL A S (5-12):

Wsore = sign(W) x max(|W| —t,0) (5-12)
Hrr, WRNRARE, EEME, DNEEBRER T EEEL AR (5-13):
Whara = W * (|W| >=1t) (5-13)

7N R IR AR RSE I A 5 P 010 /0N 30 B AL Pk M v o 0 M 3 0 4 /N i 2%
B, REBVNORBUER/MEE, VIR SRV E . LT,
BIE BN TRENRTENT, BUMIREEOCE R R WEELEET
ESBOPI, AT R T, (AL R e A Pl e o ik S e L BRI S
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Ff (B P A RO E BRI S, (R BEHLRAS S A0 1T I S N IR . BRI IS F T 08
B RAAE 3 5, TR RIS T e S S A R BRI . AR, FRELAREE
2 B R/ PASRAS B LR PR R

o3 /N RE PR S, T BN AL RS 1 RBIEAT NI R, DA i )
(KI5 5 o 7Nk A e S 22 g ) Adh 3 1030 10 2 BUORT VR 40 R Bk A 73 /N
ARSI o XA AR W] DMEASE 5 B SR (I T R o a1
A, EIERRBE IR, RS IE S
5.2.2 LSTM #4554

LSTM & —Fh G 4% (RNND [A81A, & 1] 1 Ab B 51 500 At
Al FE 5508 . AHEL T AL 459 RNN, LSTM B4 B SRCIZAE /), Aeis B 4Tt
B K I AR R e A P A S B . LSTM IO TE TigiZ fot, AR i
A, GRS R LA GE N T HE B EEITT, FRAE R ZE 5 ek
ZAE B R FENEE . BeAh, LSTM FIA M#ENLHRE #AE R ifLs, Hapa
FEINT] BT TR ] X T o m LA TS B h, T2 e
RO A BE (A BE g, Ak, X BT TIE Y T WL BRI NI
LEUTH . LSTM fEACHE P B S, R R AFAE K I OlOC R LR
TR B EE LN UEEMES T, fi T (Input Gate)h] 4 B i Z1 14 A5 B
BEATIORL, g 78 BN SR Z M FEE ;s 18551] (Forget Gate) % il i
SEILIZ IR, HRE T NAZIB SR 2. 1842 B IG(Cell State) H T A7 fif
MATH ZIPCIZAE S, JRERHAABE T Zl. %t (Output Gate)iR & 1 247
I ZNEAZAE BT, RIARE T WL P 25 ROZAE 4 AT 2 A 1 45 M

LSTM SITIERAERARUN N B5E, MR Lar AR L —N i 20 04 ot
BURIONTTROME; 3Lk, MR R R AN g RS T R
JETERN IR S T TR R, SR M nl i 20 Ac 2 B oA . B iR 4 a0
DA e N N (S e TR R s SO (= RIS =3 B GEB U (s s D R 1 TR VAR ESTVR 7N
BT, MR A ET 2%

A LSTM M8 247032 LSTM Hiocd ik, HE A 5-1 phow, &4~ 5
JCH AR T — AN Bn s ) IR R 3, LSTM 148 N 45 1 Ab 2 i
6] PP SRR I R 0, HATRFFIICAZRE ST, Rels AT JOm4E 7 51 K K
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8 WR YN TR R A9’

BR A

Immm

K 5-1 LSTM HLoG o<k B

5.2.3 ZBNHH

TR JINLE AR B 2128803 (Neural Machine Translation, NMT) 4l
B ESR S AL A BRI TR RE A% 58 10 h 22 AL 25 B0 1R ASE Y £ A3 I [R]85 L%
FEVRAE VI 300y, A R AL Ao VAR A AR R T AN [ 4 1) A
FTENASTREE, TS S M S EE S B ARE S 2 M N R JEk, EE
TINLEZEAE FAl B 2815 5 BRSSP R BINH, WSCOARRE . B E AR,
AR T RIFIIBOR . 4, VER IHLH] S 4 R RR B =T S b i iz A
M — DO, B T & Fie SR A FRAT 55, KRt 2 i S0k AN AR 4 Frg
=Ll

TE R I HLHRI A o 2 I 258 Kb B B R N ) — AR LA, T LB S IR TR
[Fl AL B BB B Bl 5 SR B HOR PP A [ A7 B R B, X
S N TR AR AN R A S, R T TR A B ER A AT B4
A, 13— NEREE Q, AEXFH AL E MBEEURAS BT 2 AR
e, 3N E K. AERETHEE RS Q M E K Z MAAHBUE, ARk
— NS R S. H T AR AL o 55 75 V5 6 95 s B (dot product). 4 T AR
(scaled dot product) F1 XX £k 14: (bilinear) % . B J5 X153 46 1% S BEAThruEfb b 2R, 15
BRI EFERE W 5 AR 775 R 515 3 3T softmax #:4E,  DABTRL
HZHARL, NTRATRREANIE, FHEEEORS AT &, BRME R =
V, REEBCEAERE W S{ER R VAR, JERTRAREETRA, [RIRAN T
& Co
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EREANGIE PR P B 2R . B, ERINIR T
W& E &S RIE P FIA RN B IR ST, HGEW RSP P EEE L. @
THEA R E RRCE B B FERE LG S 2% 5 i R IR A 55
SCRIER Sy, AT B o G A5 B A BB AR o XD B 25 ST ML i) 158 15 44
20 W 28 T AR R s AL B P A M, R A BRI PR RE . M EE T ST [
E R B 21 o BOIE B T8, TR JIHLE AT DRI A 55 10 7 28 il ide
FEORIEMALE, REBAKPEREAZ LR ST, BEAh, TERIHLHIA B g v
PRES M [ A AL ST RNN AE AL By S I AT e 2 388 96 V8 % it P A 4
OBk, AT XE AT R4 2 PR 2 AR G 2R, B e S E R IS, A48
[¥) RNN A7 A G 2 08 BI6 ZCiR L ALk N @, SBOZ ARG B LR S
5 AT 25, IXBR ) S R A B P SR I I REJT, 1T LSTM. 8524
AR TR DU AE A T A e T SRR DR — TR, B A 4R B R AR R AR
TE R IO W AR A AAVE TSR, R] DT ROt e B R &R, 1R
R ICIZRE /1. MG 42— DR, BIRAENS SEIL R UF 07 2RAE
55, AEEAE DURRE L LB, (ER VR LS O 17— RhobIL i) R A R 2R g v 5
AR, E A ACE R U, AT BL T AR R LR AR B A1 I OGE ELAT
HEES, XA BT SRR A AT AR A RS

5.3 SREORIFRI

LSTM $ifs 4b B2 5256 1) BRI AR A B 5-2 o, B dm s il . B fisk 2
R ALY AN R I AIE PUAS T EOD IR AR SZIG Iy NPT S2 Ky, FE S TAL 3
AP A AR, Ha BB I 2R R SRR D BRARF] - B Ja X PRAS SR B 25 SRt
(ipaL
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Biaikshifs 5

ER A

—— WABUE. WESY | SRR
—— RAEEENBY |
5-2 LSTM Ab 3 sl 5 Hictie v i ]

SIS R 4 EAURFHRLAT LS RAMEREGISLR &, W RS
Wb EEIRANE ST R, RER R E 16384, HAMFEAREFF, It
e 300 AMFEA: WIEEFMIIZREE, o3 sl JR A B0 B & AT /)N e et 1y 1|
ZREE 1, NIABHATARRIACEATIIZREE 2; R IAL I EAE S5 7% LSTM W
LTINS, Bl TE IR AR EVPAS T ZRLF B RE, il Uk %
5.4 Z£F CNN 1 LSTM KR Z$T 30 1& ah AR G ay AP Ha il

TR G AR ) CNN F1 LSTM ZEH 50 Bedls SR HEAT 70 IR VRO bmite, & o4%
R 8. 2 WY LR B A 7 N SR Bk . Forh CNN Z5 1l 5-3 o, 1%
H “relu” BUERE. “adam” AL FNSE SRS 2% bR BOR VS AR IR P B 2K
JEM B EER R EESHUILER 5-1. Batch WE N 32, FLiIIZ% 10 4 epoch.

Maxpooling

& 5-3 CNN M4 454
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% 5-1 CNN /2 W% 245

25 el KESH BN KN LR NAN
1 ConvlD 32 1163841 1x16384>32
2 ConvlD 32 1x16384>32 1x16380>32
3 Maxpooling 0.2 1x16380>32 8190*32
4 Flatten 8190*32 262080
6 Dense 2 262080 2

AL S CNN R E 4R BN 2R 45 SR an1& 5-4 o, 3R 5-2 B T8R4
IEAZ BN GRS i 5 . AR IR s Bk, ONN &ad J LRI Zk)m
FEUNZREE FEUAS TR AR 2R, (HAEDREE B FHER R I Bh R, XTI REE
REAES W EIMR . w2, EINGE L, CNN FHERZER T 0.8881, 7E
WA 1oy 0.7643, SR IR RN AL 2 IR MERE 22 R0 1) . R IHAE G4
[¥] CNN TEARZ AR D15 5L T F THB LR ET 5644 50 Z 50 (1 i e i I P BB A77E 1)

Training and Validation Accuracy

0.9 4 .
—— Train Accuracy

Validation Accuracy

0.8 1

Accuracy

0.6 -
0.5 - /

0 2 4 6 8
Epochs

P 5-4 CNN FIHERABE Epoch 281k it
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2 5-2 CNN PRI ZREE I HERf %

Epoch Accuuracy Val_Accuuracy
1 0.4927 0.4562
2 0.5210 0.4776
3 0.6450 0.7228
4 0.7301 0.7607
5 0.6613 0.7657
6 0.6917 0.7400
7 0.7137 0.4369
8 0.7792 0.7650
9 0.7400 0.5327
10 0.8881 0.7643

LSTM MM ZERI U B 5-5 Flr s, 1Z 2R R)E ] “adam” R4k 2R . 22 XA
TR R BRIV AR R, MR E SR 5-3. Batch i8R 32, i
5 10 1 epochs

Input

LSTM

LSTM

.

Output

& 5-5 LSTM [ 2% 2 ks
2% 5-3 LSTM &2 M8 250

B K KEESH BN KN it R
1 LSTM 50 1x16384 %1 1x16384 %1
2 LSTM 50 1x16384>50 1x16384>50
3 Dense 1 1>60 1

P 5-6 F13 5-4 A LSTM )1 2 B Epoch FAS L& I, HHIKIZRAT L, LSTM
TEW ST URE REIl BB A e 26, SRS HER S84k LA FTksl, (HER A4k
EHETRIZR] T 87.48%, MNASEHERZILS] T 79.28%. HILA[#3, LSTM
[P 2% K] FH T $R AR B0 A% B0 22 G PR s B 0 24 T4 48 CNIN 2244
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Training and Validation Accuracy

—— Train Accuracy
0.85 A Validation Accuracy

0.80 /\

0.75 - \/

g 0.70
g 0.65
0.60 4 f
0.55 - /
0.50
0 2 4 (5] 8
Epochs
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Epoch Accuuracy Val_Accuuracy
1 0.5397 0.5012
2 0.6398 0.6649
3 0.6893 0.7700
4 0.7187 0.7593
5 0.8302 0.7607
6 0.7340 0.7793
7 0.7705 0.7199
8 0.7177 0.6342
9 0.8137 0.7700
10 0.8748 0.7928
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Training and Validation Accuracy

—— Train Accuracy
Validation Accuracy
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2 0.5071 0.5129
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5 0.6342 0.7493
6 0.6419 0.6918
7 0.7718 0.7358
8 0.8124 0.7681
9 0.8395 0.8196

10 0.8713 0.8342
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GESIES
5.6 ETEEIHLEIF LSTM BUIRE ST s R Gt PR iE ]

K R A IHLH TG 75 05 BR G455 AT B AR AR SR S AL 22, DR OTE
B 1AL BE % B 2 I I A i RS A I F HARURAE . X & 5-5 Firos i) LSTM
Mk SRR AT 2, AT SR IPLEE M2 45 R K 5-10 Pos, &R
RIBKHER 5-3 PSS HE

Output

%] 5-10 VERE JIHLHILSE & LSTM (0045 224
ERUIZREE 2 FHFNGRTINERJIVLEIR LSMT £8Y, AAYE Y ZRE At
& EWHERR R 5-11 s, B4 epoch XL AERA 2 WK 5-6.

Training and Validation Accuracy

P Train Accuracy
’ —— Validation Accuracy
0.8 4
=
E 0.7
3
[¥]
2
0.6
0.5 1

0 2 4 6 8
Epochs

5-11 JE R AIHLHISE & LSTM HI#ER:#BE Epoch 2L 1% L ]

45



S W N T R 2 DA

X 5-6 JEE SINLEISE S LSTM A Rl 254 (A HEmf SR

Epoch Accuuracy Val_Accuuracy
1 0.4359 0.5354
2 0.4637 0.8563
3 0.5638 0.6314
4 0.6374 0.5937
5 0.7012 0.6782
6 0.7458 0.7369
7 0.7721 0.7924
8 0.8513 0.8142
9 0.8907 0.8549

10 0.9147 0.8792
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