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RESEARCH ON FAULT IDENTIFICATION OF
INDUSTRIAL ROBOT GEARBOXES BASED ON
ACOUSTIC EMISSION

ABSTRACT

Industrial robots play an irreplaceable role in intelligent
manufacturing, and with the rapid development of modern industry in
China, the number of industrial robots has also increased rapidly. However,
in high-intensity production operations, the reliability and stability of the
transmission structure of industrial robots decrease, and serious accidents
may even occur, resulting in significant economic losses and personal
injuries. Therefore, studying the identification method of transmission
structure faults is of great practical significance for ensuring the safe and
stable operation of robots.

This article takes the reducer, the core transmission component of
industrial robots, as the research object, and focuses on theinsufficient fault
recognition accuracy in complex working conditions. It conducts research
on intelligent fault recognition methods based on acoustic emission
technology. As one of the three core components of industrial robots,
reducers are prone to mechanical failures such as gear wear, bearing pitting,
and tooth breakage, and traditional fault identification methods have

limitations. As a dynamic non-destructive testing method, acoustic
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emission technology can effectively capture early fault signals such as
crack propagation and frictional contact by collecting high-frequency
elastic waves (frequency range 5S0kHz-1MHz) generated by energy release
inside the material. It has unique advantages such as high sensitivity and
strong real-time performance. The main research work and innovative
content of this article are as follows:

(1) Aiming at the problems of sensitivity to noise signals and
insufficient denoising effect in the application of wavelet analysis and
adaptive noise complete ensemble empirical mode decomposition in the
denoising and reconstruction of acoustic emission signals, a denoising
method for acoustic emission signals (AE) based on the combination of
wavelet transform (WT) and complete ensemble empirical mode
decomposition with adaptive noise (CEEMDAN) is proposed. The
experiment verifies the AE signal by using a broken lead core of a reducer.
Compared with a single decomposition method, the signal-to-noise ratio is
improved by 11dB, and the denoising results are significantly improved.

(2) In response to the problem of planetary gear wear and failure in
the gearbox during long-term continuous operation. Propose a signal
denoising method using Hippopotamus Optimization Algorithm (HO) to
optimize Variational Mode Decomposition (VMD), and then combine it
with Multifractal detrended Fluctuation Analysis (MFDFA) to identify
faults in the AE signal of the reducer. The research results indicate that the
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identification of planetary gear crack faults in reducers can be achieved
through the multifractal parameter distribution of signals.

(3) A research on fault recognition of industrial robot reducers caused
by long-term use in automobile factories is proposed. A parallel fault
recognition network based on Convolutional Neural Network (CNN) and
Bidirectional Long Short Term Memory (BiLSTM) is proposed. The
effectiveness of the proposed method is verified by comparing the accuracy
of recognition networks with different structures. The fault recognition
accuracy reaches 96.66%, which can effectively identify faults in industrial
robot reducers.

This study covers aspects such as signal processing and intelligent
recognition. Through in-depth research on the key parts of industrial robot
transmission components, such as reducers, good innovation and
engineering applications have been provided for the health management of
industrial robot reducers. It is of great significance to enhance the safety

and reliability of intelligent manufacturing systems.

KEY WORDS: acoustic emission technology, reducer fault
identification, variational mode decomposition, Nnural network,

continuous wavelet transform
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RE SELBEARLNE AR T RS 5 A B LS, R AR 2 W h A 1
LIl DMRFESRION IR BN 2, DURFIEAIR . /N el
filt s BRI EONRE T ITIER IS IR 2 . BRI S R Ge - an &l 1-3 P

o
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50 === === === m e oo

125 4

100 -

MHRELE

75 | -

50 L.

25 -

@ﬂ%@@%%ﬁ'fﬁ? 3,}%
ﬁ ﬁ* ﬁ ®

B 1-3 7 RS BRRr A SR EUE ST BLIR G i ]

1.3 TERASMETIRH

ARV SC LAV ATL S A s 28 A T 0T 5, SR RS R AR G P28 A i
AR AU S A6 SO B R AT A T, B E SR DAL N V30T 2% 5 55 1R 1 i (7 L i
FHR B RIS B2, TR TV HL S AR g 14T N B e 4R ORI, B KR
JEHIBE S A P U R . A E B S AISERR &, LTI A5
T, O A A 0 B, BT P RS 5 el 25 B AT 1 — P (AR 5T A AT
BRI 1-4 Fi7R .

ARICHARN T Fros:

91 mEENERNH T IRSCHIRT IS SR S XM IUA B DAL A
I B VR 1) ORI ST EAT A2, R R S BERAE TV AL & A sk ik 85 i )
U B FUIARBEAT T AT S R 3 4

92 BAE T WS KA A

5 3 BAEALGUE SRR VAR B b, @I @S WT I CEEMDAN J7
2 SR T R RIE SRR, PR EUE SIIEIR T TR INE A
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LRI R A 2 iR S

M, IR TR AR SE RS 5, ARAE SRS 45 RS 138 5 VA AL S briz A
WA R 3R T — AR HO AL VMD M 5 1 7 R HE 5 [
Bk, JFRf MFDFA iz M T8 AT R 58 7 RS S IRHMIE SR I, friEid £ &
IS BOBI 0 A HEAT SRR VR A o 30 S B YT 2% 75 515 5 iR 20 A 4 R SGIE

TR TTIEAE TV AL S N Vs & b R 0 A R A

55 4 BT IR [ RT 2R BB 00 A R P RS S MR, SR T
it CNN AT BILSTM FAT H#RR 0 WA 2% o SR ASAIE 78 B 4 ek e 5 R AUl 5 2%
PSP IZ FIRCR , I8 B8 o0 Pt iRt AT 1 Bk 3@ Sz 4T 1
TP HLES NIRGE G AT P RS SR 5, 158 1 S 5rb s /= A S 5
FFR A SR I iR B AT SR, 5 R T A ST AR B S i A

A -

%5 HELR S EET AR A CIET AL, IR R S S TARREAT TR

BT R S Tl AL 88 AR AR as PR IR B R

v ¥
BETS TFEE

e e ]
l B E
. WT. CEEMDAN .
- RIES '
: ISR '
f » HO-VMD 1
E HO-VMD ;
! R ,
! CWT = |
! MEDFA I T
: onngga—| [ BiLsTmiz |
: 1 HEISIT E—HER51E | |
| BINRE L44¢44J '
: REST AT i,

5 g BSERRIN .
: r v '
: AT453% 933 ;

Kl 1-4 ASCHEAREE LK
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B 28 RIHEXIEILEL

2.1 BEAFIESIBRAREXIEL
2.1.1 FEBE/INE AL PR T VA SEA S PR

/N2 (Wavelet Denoising, WD) [ WARAE RS 2 A Bl B8 BN B 4 )
B9 LM . EES R, F5hARGERNESEUMRE. BE, @
I E G I B, AR ERA BT N A, A RUE S BRI E . K
FEHUNE A (Discrete Wavelet Transform, DWT) , HJFHE A

DWT,(a,b) = [ x(1)- ¥, , (1)dl @.1)
XA, a BRATHEEL b B PREE, Vo) NN, x()NA ERE
T

X TR fE /N, @ s (2.1 AT E M
x(t) = 2ap DWT, (a,b)y , , (1) (2.2)

LRI LWEI E SUN B x(1) € L (R),w (0) R BNEL a NRJERT, Ha>

0,7 JKMROIAE, HAERTIER G, Ar'S«Ron ERLHE, (O LRI FESL NI
AR F:

1 —
W a,0) == [x(O oy (Do 23)
SRS IR R NS U R R, U LRI s 8 (o) R

x(t)#J Fourier Z2¥#, w(w) & w(t) ) Fourier 84, a ULK r BI5E XA L, Mx(t)
FEATIE A PRI 22 /N AR ik D R

wq;aur)=%§§jxxw)ow*(aa»-eﬂ”dw (2.4)

2.1.2 e A IS T IR A JR B

Peteoe 90 aat v B0y SR E P VA Sy it DS I OB EEE | 52 3 I B I B U R
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BT R 2 AR

©
S5 5 A R ER o Bl 51N FE B PSR 2 JOE R TT 2, AR T A
RARER AP BESIRE NE, & T i HEm AR € . CEEMDAN
(A% 0 AR TE AR VIR AR K 0 P VN I B 28 22 3OS 43 A A U 1) TMIF H
XN A g 75 (¥ 77 2B 85 AT 2080 1 e 3 A SR IR S, AT 4 5 2 i
(IR B R FesE 1 . SRR, CEEMDAN 74— IMF &35 )5
SERUEAT AL, A EXT AT IMF ST SR, X MR- ab 87
AT UA R e R g . DU & CEEMDAN B VR4 3R 1 A 5
B9 Nx), ERRBEEN N, ERXEN K. AR SN
€60 =123,.K), &,(j=123,..N) N BEEBUEREL &.6,0) NI
kA . ARG @) .
x, (1) =x(t) =¢€,6,(t) (2.5)
SHEBIE 54T EMD 0 fif, 198158 — RS 7 B I EIE N — AN i)
BRI S
IMF,(t) = %Zf_l IMFT (2.6)

(1) = X(0)~ IMF (@) @)
XEAY I AFELI 25 § Y BRIOSR AR (2555 0 1 5 S ESEAT EMD 4.
IME (0= 30 B, 02,0, (00 ex)
70 = 1, (0~ IMF, (1) 29
K IMF (1) 9% j A IMF, E,_ JuxHE 5T EMD 708 )5 105 j-1 4 IMF, ¢
AT -1 BB AR 555 P 7
AT MRS, BLEISRAR (SRR R U IMF, MR, et
B4 5 2(0) TR

X(6)= Y IMF,(t)+ 1y (1) (2.10)
2.1.3 Ao IS Oy i B AR S

AR WS o i I T — T B Al R RS ELHE IR A2 115 5 0 il B SRR IX—
Jii, 2 B RIRIEIE 5 RE 1 — DR R A S B IR RS 5 . IR

12



LRI R A 2 iR S

ERES xOETZ &GS, HiZE 5SS EN k> IMF. [, %4 IMF
Bt B R CARE N o, , TESCIEOUR, Frig gt i 2 AR o A A 4 R
min .

6t|:(0'(t)+ ij *u, (1)} exp(— jo,t
bt} K it

subject to Zuk(t)zx(t)
k

2

¥
5 (2.11)

X, S(ORZMKMREL, " RREM. o FKamxt ¢ RImSF. u)e AE 554
VMD 7 il Ja 15 2111 k > IMF .

N (211 HE LR SR A B AR TC L R s A R, mT SN
— N RAE T RO o LSRR B H ST A, @i (2.12) SRSEDLIX —#AL
AR

2

L({uk (l‘)}, {o, (t)}, ﬂ) = O‘Zk:

atKa(t)vLiJ*uk(t)} expl jwkt){
+<z(t),x(z)_zuk(t)>.

k

- 2 (2.12)
)—zukq

HBNAZ T AT FEXS A IMF DL F O AR AN BT 34T SE AR, ki
SRARE 3R RS B ek R o TR A A AT SR A i)
s o, Tk, R (2.13) XHEIR{E 50 AL B

. Mo
: a))—;ui(a)%tg)

1+2a(a)—a)k )2

0" (w)= (2.13)

R, 4 (w), o) o) ERES A (6), ()M &(e) s B8,
2 IMF Jp & R A O AR S, T DUORIH 0 (2.14) SRS Frh i B H 3+
A, FatEARFEW T

2(0)= (o) Ho)- it o) an

&, — B2 (215 fir R BLHE ARSI N, {5 5 A 25 73 i (VMD)
R E AR, AACKUHE:

>

2

2
~n+l ~n
Uy

2

~n
u, —u
k k|l

(2.15)
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X, e MME S E L 10.6, HFTA I IMF 73848 n] DUR T Fik b i
33, BAZEFFRTEZEN (215 #7E, RREs, —Rkak
TR NG LI R AL 53 R 1) e LA

22 B EERERIER

AL Mohammad Hussein Amiri 25 A RS A 5 1) = i [ 45 47 9 7 =
eI — R R Bk
HO WA R e A Bk s s &, AR R
X, (:,i) = Ib, + 1, x (ub, —Ib,) (2.16)
b, X)) BRE i MEREILLE, r, RoR[0,11ZIAIFENIEL, b F11b 73 52
INE LR R R SR B A
T T PRI H 1 LN 2 DAREME ) B 2 5 RARTE e VG N, AT S AR P
T o R 14 22 4 X RS ) LI 22 4 X3, PRI S PE 2 A X N IAL E A LR A
X FR:
X Mo = X (i,:)+r, x (Dhippo—1,X (i,?)) (2.17)
o, XM SR EEVERT Sy, Dhippo N B B ARIE N I o ry A2[0,1]:2 [H BEAL
B, 1 FRORN[1,2]2 [BEALER
A FARE T Ly 38 B BRAT By, R e S AR AE A B A

XWWUZ{X@3+@x@m¢py{Mﬂ1) 7>0.6 2.18)
X(.i) else
b, X MV BRI S AL B, FORBENLIN E, MG FoRBENLIERE
WG RFAME, TONEEME: LERIR[1,2]Z BN
] G AT 3 Tt 1) 3 I AR T B R P v i o i S B Lk A e )

i, SREUB AT I AL E R

1
RL ® predator; + ( f J(—j, Fetator, <
Xt — c—dxcos(2ng) 1 (2.19)
RL @ predator, + f , F oioior <K
7 \e—dxcos(2mg) \ 2D +r, Brocators

A, X Rl B B AR S AL B, RL VR levy 20456 (BEHL A &

14
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predator, FoRAR T H LR P IO E, D FoRm D 5HifE Z RMES, o
NILLSIE I BENLEL, d 23] IBENLE, g N2 41EIBENLE, 7, o8 1 Xm 1Y
BENLAZ &

] SHLE TR AT D A I, BT T TR I 2 A X DAk S il B
P .

X = X ()15 (% + r{u?bi - %D (2.20)

A, X KR G R A X FE R AL B, ROR[0,1]RIBENLEL 1,
NEFE IR A IBENLEL, ¢ A RniEARIR L

2.3 ZSEPEEEERNDITIRIE

MFDFA S — R % B4 0%, 1207 Bt — 4R [ 91 L R AT
OB AL SRR, AR, AR MFDFA S350 208 10 75 R 4 5 i
A, BB . A R UL F .

B AL TS5 N x(k), k=1,2,...N; Ul = 8H A 51 Y ()M

Y(i) = kzi;(x(k) ~%) 2.21)
A, x FR (b .

W0 YIRS s(kt2<s<N/4) 7 FIN B AR Z K50 B, WA m=N/s 1
B BT YORBER G s RS, o RE SR o i, AR Ry e
B RZIEH, 135 2m A4 EL

KA /N ZRETFERA B t=1,2,...,2m R EAS R 2 IiiA ",
HIHEE MBS yO W2, RIEXETE 75 B 2K 39ME, 153 g Mrikshsg
.

Fy(s)= {ijzlwz(s,v)r“}w 222)

R SIEAE AR, WEIREFY 5 s 2 [0 R mEE A
F (s) ~ "D

q

(2.23)
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A, BEE FO M s FRER AR X Hurst 3838 7(g) AR ERE
7(q) = qh(q) -1 (2.24)
I T AR HUN AR A T RIWHE SRS B 2 A TUAHE, B o(q) Bl ¢ AR TR
6, WG5S BA 2 ESURHE, 5 NEA R TERHE.
23d Legendre 1k, FIF3I7F S H0 4L o A2 E 40T BRAL:
a = h(q)+qh(q) (2.25)
f(a)=qla—h(g)]+1 (2.26)
I 2 H AN TR R A o) B T LUAIKHE 510 2 A TRARHIE, Horh fla) i
EHifE, Aa)>0 BIXIAHE N[A(g)max, h(g)min]. h(g)5 fa)Z [AKIZ<FRA:

fl@)=q’h(g)+1 (2.27)

2.4 BT MEEARIER

FEAGARIPLZE P28 1) S v, i R RS IR T (0 e 22 e 055 i N SRS 1 14 )3
DGR NER R AR . HARIT S, Aol Hou M A E S5, R B sz
5T RS N BCR AT INBCR A 5, JRAEIEIE Al PRI fm B0, S 4R A
TCHIE B XM R AR IE R ANBUE I R T AR AR i Bl 2 BRI 5, B
Mg RIS A . B 2-1 on 1A A R ARSI RE 77 8 45 7s =
K, Hrpig b 2 H SRR SR R R S BUR IESEI A A% O .

s

BHE

01

Bl 2-1 CNN 128 25 1) ]

B RS A% OALHIE TR 5 N R B AR To 3R 5 B A0 R B ) T
RHATIZ KU, F8 A R 45 AT R0, AT A= OB AR E B — N AR
X — IR AR AR EIAUCRAE 5. X T — A ERUZ AR R, HAL
FRIEAAZHE /I (2.28) -
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yzk = foor (W, ® X, +b,) (2.28)

K 2-2 AL R R T BRI ERE R 2B — A o T A 5x5 B
NFEFE, 35 M WS 17— 3x3 BIERILE . N 1 IR GIRIZAE S ARk
B _EFe i s e I e B R IR (S B, S N FERERER 7 aRs I 2. DK
BOEN 1 IITROLE, WS =0, SRR ERIEENERGIZE 5. £
SR EIERET, RS PATHFETCR N N BANRIZ S, b5 X Rl Rt
178000 5 B 58 A BN RFAE B X g i, e 2 A il n 265 DU 350 P o 11
HYRFAE ] o

Bl B B HIEE]

o o (=] o -
- =S o - o

o o o - o
o o - o o

o (=] o - (=3
=N [=] = (=] (=]

K 2-2 HBIRERER
RGP EUE A BT E A= (2.29) B, BRI
0-1 F-1 F-1

=f(zzzwqmn q i+m,j+n +Wb) (229)

=0 m=0 N=0

At QuF W, W~ SN BRI BN S HE . FHE
Bt EARIMAR (2300 F1 (231 A

w, M =EH2P (2.30)
S
H —F+2P
s = 2.31)

b, WA, GRS, W A H, RFIERE N, F Py Sl BRI
B ANFRBOE SIS K.

M EERBOEN 2 I, BRI EIZP KB A K& N4
DXt T BUE BB A E DL T pRaX — L, W N RS AT Bdf 3R
FeE (W24 E480E, B Padding) , BAREIEATSIE 2-3. BEATANEHRAE
¥ 32 H AR X R AR B, O HE 4R B2 5 g NP O — 20, DL
K AR A A AR A T A R A 2 A5 BBk
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TN

B

o o e e o o o
o @ | N N a2 O
o ~N | & B 0o o
o ,45/ ~ | N o o
(=1 w e |w|n| =
=1 sl |lo|=|o|lo

11 | 22¥ 20 | 22 | 5

14 |1 24 | 32 | 26 | 16

15| 25 | 24 | 27 | 14

14 118 | 17 | 18 | 13

2-3 HlEiH R A

BRI E QS =R R AR, AR RO AR (KR8 3 1 LR ) Ry
E B RS A A F R, BAR QR

Full Mode (HARRD 2 —FrERERIER R, HAr fU R 5 5
KRGS ES, [FFGEHTERIEH. EEF%S FIGIAGNIFiaEAlE, &
AN 2EEANE (zero-padding) (7 RIAT . XA, 4 HHAFAE B
T4 IR G 0 RS BB RSk 1o a0, T —A 5x5 5
BGAT—A 3x3 (B, %1 Full Mode BEATEASE, i HIRE B R~ A
543-1=7, EIEE—A 7x7 FIHFEE . Full Mode REWS (R TE 2 (i A5 2, &
T B R SR BB M 5

Same Mode ([A] RS 2 — B BPURER, A SR BPIZI O
(KO R 46 R 3L 26 55 B FF A6 EAT B A2 5 . 5 Full Mode AN[F], Same Mode
TEA AL FE T 22 6hi G L 1 XA T #hZ R AE (zero-padding) , LR LR
HARHEE RS S S EHE 0 R E . BATi &, BRI EIEELL Full
Mode B/, He&4H 4532 Full Mode 58145 5 b 5 JRUAE B R ST AR A AG A ogs
e B, XF—A 5X5 BEIEEBA—A 3X3 IERX, %M Same Mode
BEATERUR, £ M Full Mode A2 51 7X 7 BRAE B EU 0 i) 5 X5 3B 04 v
AL IR XM A FR AR ) RT — S s bR S

Validate Mode CRRAEMET) & —FEFERIER N, HAF SR ZREFIZ L A0
5647 7 R IR R AN X A B AT B FIZ . 5 Same Mode A L
Validate Mode 1745 FUZ #2308 B B /1N, TR AR BCRTARFAE BRSH 2 A B /N .
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TS, i RE E B RS A O TR A MG 0 RS I 25 8 AU i R F
1o Bilan, 51— 5x5 KRG EREM—A 3x3 K5 R, %M Validate Mode 3
ITHERG, SRR RS R 5-3+1=3, P33 —A 3x3 HIRFEE . X Ffi
T H TR SRS A A RO I, RN R ek b 12 SRR 2 SRR SR o
NN [ [ 1]

K

(a) AN (b) AR AL OE TSN
2-4 BRI = A

AL E R RRFER B RIE AR AT IR EE . @I R AL HE
FAA B, B 5 B bR, ARG BA MUE Sudrr . FF Btk
2% ISR, BRI BUREE, DB/ AR B THSRL T 7, IR ZR I K thiE 2
Kb, MEAENGREREF LG 22 . & A BT Y E AL
L f/MEELL R KA. E KA R AN B 2-5 .

4x4 BENE 2

_—
2x2 ot 20 4 22
LRI FRE
*
k|0 1 0o 3 . .1:1-3
sl .
LR 2 v ORGSR AT RIS
SRR

2-5 iR = A
BOE K%L (Activation Function) JE &8 48 rhiEd: FZ R 5 FZT5 5
TR . B BRI B E A TS BRI N — R,
TSI NFEG AR, BRI 28 R RITERE JT. LA A TUM S LA 0 R 2
Sigmoid U R T H B B S ek B R R SRR A R, Sigmoid
BRI e FHAE o 222 D0 248 1 RO R B8 e " K i N ) T 2 S e 30 [0, 1T X TR] Y
SEHL T bR ek BV AR SXRPRFPE (1S Sigmoid BREAE 5 SRAT 55

19
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ToRER . HEerREmaX (2.32) for, mEihZanE 2-6 s

Y =sigm(x) = " ! — (2.32)
Sigmoid e #iffi £
1 ....................
0.8
=
506F
o
£
D204+F
7}
0.2}
0 ..................................
-10 -5 0 5 10

K 2-6 Sigmoid PREHTZE K&
Tanh ¥3% BRI LE Sigmoid PR AL B oMk, B LMok Sigmoid pREL

R BMEARZRF . R Tanh MBI HIZIEIRYS Sigmoid BREUHLL, (HIL
G TEL-1,1]2 18], HUAZE s O #R, A 208 T Sigmoid BR & H
ANXIRREJERRE . BT Tanh BRSPS ESE TPAEZ S MIL, BRE A i ab 2 A
APRE S PYEEA R IEE R ABGE . 5 Sigmoid BREUHHEL, Tanh pR A AHE
R T S5 P55 AR B AR F) 1 E R B o Tanh B0 R i e A R A 5 (2.33) fir
7~ KB E 2-7 P, BEWER T H XTI AEZ R

X —-X

Y = tanh(x) = —— (2.33)
e +e

Tanhi 41 i 24

Tanh(x)

P 2-7 Tanh bR 25 P15
ReLU 0 bR HUE B WIS B . B R] DL SO e U v 2 In) i, 32

20



g N e e 2 VAT

1 X 28 AE U R AR USSR TR AR, THEE I R AR P e il B o B0 5 M e
R, RIEAE SRR B 26 PF N, A IREF AR L. ReLU Hlid ek A Bk
BRI AN (2.34) Prox, He B in &l 2-8 s, B R 1 H S =Rl
IR LR R

07 XSO
y=ReLU(x)=Max(0,x)= (2.34)
x,x>0
10 ReLUFﬁ]ﬁﬁ@é’fa
8_
—~ 67
>
=1
D 4
04
2_
0 .........................
-10 5 6 5 10
2-8 ReLU pF i iih 2 1%

47E:)Z (Fully Connected Layer, FC) {E 128 [ 45 FR K $H 25 ALl T4 2 8
(RIThRE o FE 32 B FH R0 0 2% rh 2% = B 1 2 A 2ORFAE 2R 7~ B S SRR AR (A 10 25 1]
X 2 B S s das ST, JRAE G0 BR A (40 ReL U Sigmoid %5
SINARLRAE WU B8 7 o 43 H2 2 8 U R MR 1T — 5 (0 R SRR IR AT A R B
TR TE BERFE R, AT DN J5 R 11 43 SRR AT 5 RS RE o B R i 1)
2-9 Fiw, TEMTHLR S TORFE SN B4 1 o R

. -:kh

BE—t
=

—EaE

2-9 EEREE

21



LRI R A 2 iR S

2.5 WEKIERCIZMZEARIEILR

KGR 12 M4 (Long Short-Term Memory Network, LSTM) & Hi 6 [H 2%
Sepp Hochreiter 1 Schmidhuber Jurgen 55 A A ULE U 251 A2 H H B0 66 B AR
) 5T A5 LS (T SO P 2, A BORIE A Z2 N 2%, SN ]S B T] L A
IR AR A 0 65 AR TS0 I 1] 27 4 b B G o G0 1o 3K A 458 A TIT DA 3B M
ARRAT LN A5 B AT ORI ANIE B, A R RAL T IE IR 22 9 25 1o i 18] /7 37
MALHERE f7. LSTM IIAEZESEFIINIE 2-10 Fras, JEMiHLE R 7 H A # TR
il

/" _"\\ ’,/ '_'\‘ Ve _\
{h(t-1)) (h(t-1)) (h(t-1) |
N AN \T 4
—> \’E/ ‘\; / > >
Y
A 1 r9 r® A
- B I | > —>

& 2-10 1145 HIHE L I
4TI A5 I BN x 5T AN A R BRBCIR S e IR R
LSTM H &A1 454 CRAEEET] SN T TG DD #2330 - Sigmoid B
KAt AN x (ERSERTHH heno MU 14 AR 0 1, SRRt RiffIME Bk
Wogt s I 1B, WIS BB R BT o FEIX — LI b, BAY S A ) T (R B7
54T P ORI E B SRR EE R AL 2.35 Fros, BT
BN BT BB AS LA ARH LA B AT i B TR E
fr=0(w.[h_, 1+b,) (2.35)
AP, wllb BT TTHENRZE, oK sigmoid IIBEUE KA, U BRI
(I A BT RN x, R AT Ay o
7E LSTM Myt S fE b, sigmoid BRECKE 4 5 N\ AT AT — I Z1 (R BRBUIR A5 4
NN, IR B B0, 1] E] A . F N T i8I sigmoid BRHCK P LA 5L 55
B, HrP R o MER R NS BN EE, M 1 FENRR G RIEE &
2o AT AR EE RN AR (236) Fis.
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i =c(w[h_,x]+b) (2.36)
L, whlb BRI TTRERN W ZE, o AR sigmoid MIHIEREL, W%k
A5 BTOH x, AR I 200 B 1SRN
FENOR, R AT AT — I 20 BRI E v, 383 tanh XU EY)
BRACHAT AR 2V A e . AEUBERGE b, JFIRTHE S AT AP ) RORES . X1 RE
i VAT BT AMRIGICZ B s E S, B IBCNTEE R, A2 BOBT ) 5T
RE, AT E B RE RS THE R A Al . AEX — 1R, tanh BRI
(REAE AT AR AL B, N JE 225 TR T B (A 20
C, = tanh(w,.[A_, , 1+D,) (2.37)
C =f*C_ +i*C (2.38)

Forb tanh XU ZR IEVIISOE B AL * 2 RO, CodBiMAE s T
FERERACIZ M2 TH RO R, H s B REENMA T, ERIHE
i) 2 B[R] 2 A BRBUIRAS A0 o BV &, S i T D id e e Ao g Az oo
M5 R, YUEMILe N AL B T — AP . e, TG d iz s oo Fkg
FCRS WAL B F SRR P, Hak SR AR (239 FMiaz (2.40)
Fizm o X —HLHIT R T LSTM Refs A il B AL i K e 1 b i) S A5 2., AT
R TR XTI 8] (6 5C 2R K AR BE )
O, = (w,[h,_,x,1+b,) (2.39)
h, = o0, *tanh(C,) (2.40)
A, o, N T TIME
Schuster %5 A $& H 19 80 ] 1 24 #f 22 M 4% ( Bidirectional Recurrent Neural
Network, BRNN) f##lt T 28 0 25 R REAE AL 245 BB %, Fod ke
V7L 7 470 8 3 308 e o N 38 T AT R 22 I % v, T LS 2 8 Il i 3 R 77 3 AT BA
FRPRIX AN 3 AR R FE R, BT [0 PR 22 9 26 (Recurrent Neural Network, RNN)
JEHJ5 ) RNN JZ S H0E 8 A6 A 2K (2.41) FIA T (2.42) Frdthiad L .
X ROR ] 25 R BT BRNN REA% 57 4 T G477 510 8080 v 1) g s 45 BRI A
KAER, MR FRTE TRk R
XX [ s AR EEEE AL, BRNN BE% 78 43 3 51 B5cdis ok 25 f A
, AHEL LSTM Fif% 48 RNN 7EAbEE F- 40T 2 iF B B8R 1015 S e e
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