Ko A= R

20214E5 H SHUILI XUEBAO 2k s

XEHS:0559-9350(2021)05-0612-11

EF MIC 5BiGRU /K BHL B Rk Bh &2 2l

B OR OH, RER, & &', 1Tz, 2R
(1. WAl m sk & aeEA IR A, #WivE A& 3173005
2. v R AR AR AR I T RS B AT A W), WD B 311122
3. EMHEERATRA A, Jbat 1007615 4. PR RS KH S5ECE A DR S E, Wdb 3 430074)
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AR, 2 RS RS F . K R LA B4R 3 15 5 08 BB 0% S Hh AL A s AT IR A A A
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(1) 045 A B IG5 bR BOVHE 5 0 i, AR AR S 0 i O — RSV R A5 5, 1 BAT B R AR AR
FafF T RE . BN, SCERL7 I8 7 — F el i /il (B R B R e B, DRBE TR BN R T R RS
B, JF A BRI AR SRR o SCHR [ 8 13l a S DG AR 43 B AS A3 M K T BRI B 9 O3 il — RIS
BREL, SEHLT AR S AR Ay B . AR, JF R S BT A SR IR R E R AR 9 SR A T A5 L
e, V2 8 bR g TR ST AR AE DR DLkt BAT AR B0 AE . SCHRL O T P Bl v . e |
PAEARAFBRITCARFAE, SCHR[10]2R T Pearson A 3G 22 BOK 23 BT R AE 2 6] A9 AR DG o 3 28 5 1 % T R AIE
2 [) 7 2 M AE DG PR T B, A2 T AR e AE G PR, T B KA 2 & £ (Maximal information coeffi-
cient, MIC)" AT LUAR G i i 2t /A8 2 ) 00 4 0 s Al R M 3, EL A O 8 O VA 0 R R TN B R T
Bl TR T kR, HoK 2 )2 A AR LR 4E R AR B O i i s de o, A B mryiz e
JIFUVRFAESRICRE 7, B2 T Uk S IO R B AR E B, C K LA A7 A B L R 2 I8 S T
87 ar RN . B, SCERL 12148 7 — Ao A 2 T R S A 4 M 4% (Deep convolution neural
network, DCNN) (KR s #a$ WM ik . 52 M BRI, DCNN HAG %8 K 9 FEAF 2 BURE 1, 0
AT KL IR S5 S A 0] 4] A (9B &R . 35 U A 25 R 4% (Recurrent neural network, RNN) Y
& AR B b A e 3 ISR TN () R, RN (9 #2850 ml LLTR] i 2 e B B Py 52 i 20 DL K HC Al bl 28 50 19 1R
B BRI . SEEEE MRS X TS0 BE  JE Levk B AE 2 o) B B fHJE RNN AL
K WA RN A B AR ME B R e, R, K B 1242 I 2% (Long short term memory, LSTM )i 1
SEATTHE AL R S 1 R W 0] 8, (HIE N3 240 2, T T 16 25 #2245 (Gated Recurrent
Unit, GRU) Wi 5o 9k /0 1T P2 AL ) e FC 48 4 s hn A Ak, 9/ N 2 g 1] o B0 1 240 BF 1 22 0 2% ( Bidi-
rectional gated recurrent unit, BiGRU) W) A B[] 3 47) 85 41 P B2 BT s R o] o] RO AE, T840 32 P8 8K
Pafa B, HE— D4R T IS .

LE BT, KWL IR SN E S B Sh IS O, AR P RS X T A AN RS E B A H R AT AR R Y
SO R R AR AE R, 4R B A Rt L R R ORS A Y T AR Y, R SCHR R T — R R T
WTD ({55 KM . LT MIC WRRERE#E . 3L T BiGRU M 45 (R A BN )y %, BP WTD-MIC-BiGRU £
R F /N U B 25 1 (Wavelet threshold de—noising, WTD) Xt 546 9% 35 5 3 47 [ M R 3% Iz b
B, DU RLX 534 2l 45 5 v i o 480 20 Rk R RS SR B R AR T O AR S R AT R A i IBORI 8 0
P s FEANT MIC X 9% 3 5 5 Al L 00 S 8O AT R 2 ORI 40 B, 238 RS S EC S IR 55 Z W ik
LMECFR, B A OCHE R RS S BE MR IR A 5 55 J5 R F BiGRU I 2% 2 N7 Tl A5 Y k47 i 34
TIN50 25 R WA SCHR R BRI Rt () A, 2 AR BE Sy ek, U T A R 45 OR

2 AR

2.0 FEAEZR A SCHUN MO AR A LR AP e 2k I B B LR W B A B L
RO

(DBRME . BB, X ={x, a0 o ) BIREIE Y= (r0 0y s 3,) s Hohn s REA
B, o NEIIKEE s BT, SRR AT A, RS NN GRRE A I I E  RE A
TR, G oA T B0 2 7K e L2 — 0 5 3 1 TF 43 B o et A B BT 3, PN 0 2
P AR LRI TR LAY AR B R (0 S T R AL B, 4 R R R R BN TR 4, A
FE L 3 M 4R 7 7t 54 0 135 5 2 00 R S, S o S IO 5 R 1 70 A 9 5 85 A
BFAESE X= (v, wyo o0 x,) o SPBRS. KERRAESE 5 R 50 SRR E AR 40 A . 0 iy B A B A 1)
BIGRU 8 % tp 35 77 U 25 Mg 5 TR 0

(DTERW B, HW1, JIERRA SR, RE%E; B2, WL D PEAT Zoscore b i
fo, FEHIREH AR ; SBT3, 465 500 (5 SR AR RS A B 2007 19 BIGRU BRI U0 , IR 2
ok 2 BT, T4, T EUSR 3 0 5 T2 6] i 2%

— 613 —



22 ESWAE KAHARNES LRI
e 45 T 5 ) T RS BE o SR T ek 0 M RS X
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E1 WTD-MIC-BiGRU T3yl 4 %1 i F2

RABART o, MIHIZAMELERMFE S0, &RERXH DR, FnEALARE &=/
RS S DN R AN RE T BRI RSO TR, RIK R S G SR, KRIESE
RAMEFS . BRI S 2, BSOS IR I R . A SCE IR BN B B E B o, 2

(1)

FaW /(I
03936 +0.1829( 1Y) 532
¢ = In2
0, N<32
N RN RBA B
21 ASIRVINGE 220 0y L e 5 % F
ik & R B
I (W A L 1 (5 e I TEOTHE T (5 S A B B
P » S 1Y IR B (5 5 0 52 2 A b R,
G el SR (55 2 A6 I SR B
. , A ROV B RRT, XL A R
NSRS IS e g s R, TR B M 22

23 M ZHORT LA B B P MR AR A b, A SRR h

Ly 7

A =10 log,,

(2)

Lylro-76)]

Kb fG)WERENES: f£6)MERES: n MESKIE,

MBS IR AR

o A PR LS 4 /N FNGE — AR RUEE LAl A2 X A6 0 3 52 RIAE A B0 ) 5K, ASBF R Z-Score

SN SR B R A b Al . FOF A0
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S T4 B REA R 20 Sy 2 A T, — AN TRy — OOT AL R, IR e K ARk AL R
N AR R
23 RAGERYSW AU HATES TR P22 05 m RBP4 sl 4 1 7 25 1E
oAt 722 5 A 52 0 LA S G 4 S IR sl 3, NV i L AR SO T BB T el K AR L TG T S e
BLLH IR 3l i R AR AR I R, R MIC 58 2% A8 i S PR 30 5 5 ) Y AR R M DGR L e J b 3 O T
BRI BENSER A . M T Pearson. Spearman 55 28 P AH S P 43 M i, MIC ELA & 47 1 38 i
P IR P L il RS i A i A TR ST RS AR B, SR B0y 2 ] MICH B F
S TSR D) . B B x, =[x i1, 20 e, 1) BREDY=(y,. is

uw

1, 2, oy o) RERE D PG, WAERE x5 YR AR BT LR A

M[(xu, Y): Z Z p(xlf, yi)logM (4)
e ¥aicx p(xul)p(yl.)
A p(x:, yj)ﬂﬂﬂyi'fﬁ x, ALY 22 (8] (R 5K B B 48 285 32 o B p(xj)%ﬂ p(y,)H x, Ty () 30 25 M % 5 2
BRI
ARE2: FEUEE D AR . F YRR ro sPIAKE T, IR G=(r, s), NARAGME MIERHY
RO A% R o3, A — AR MPBAE I — AL 2 (0, 1) X N FEAT e, BOA [A) 07 2 rp de R MIAE g %) 4y
G TR MIE, W —ALJ5 R K EAF B RN WF -

( ) M[D*‘G(xu, Y) "
M, (v, V)=—r—— 5
| logz(mln{r, s})
b M o (v, V) HCHESE D AR ST 6 TR WK M

W3 D KM MMEAE R MIC(H . %m0 MIC{E R WIAE &~ Y 22 (0] 4 71 58 19 AH O
PE, BARE MIC N R WA A A DG, MIC BT E AT .

MIC (D)= lmaxn){MID‘C (w0 ¥

ris<B(

(6)
B (TL) — n0A6
Krf: MIC(D) Ry s x, FIY Z [ MICAE ; B(n) AAEA KN n 1 R 5L
A T AN R RS AR B 22 (8] A MIC AR RAF I LR IEAE o QSN /2 22K (7) A RRAERE 4 I 5

MIC,(x,, Y)=0o (7)
A o, WA DNHIE ;s YORIREIE S s MIC NS w ML MR S 55 Y Z BB MICHH ;o o FFAE ik

R

PRI AL SR AR R R R R, A AEAUR K LA s TR S AR, K ALALIR S5 5 5 &R
AR Z B MIC BT, a5 IR, AT RUR R 3 155 55 25 IR 28 748 8 ) SO AR 56
PERF- 2K -, SARF5 5180 MIC fE T B WA A2 RCRHAE ™, A =Uh -

1< :
U:F;Mlci(xi, Y) i=1, 2, =, N (8)

Ao N ARAS AR AN

24 FUGHIVEEHRMEZME BIGRUKE ™ @IHMm AR . WERHZ . 5 AR 2R B2 4405
A, A R AL R RS A R A R AR . e ) 1A S P GRU X R — AN B[] 3 80 AT I 2
BiGRU [ £ 25 #6) 1 &1 2 i /i, i A )2 X6 I F i A B T8) P B0 A8 09 5 T 1) A% 306 J22 o0 26 1) A A 328 1)
GRU M %, Eﬁ%ﬁﬂﬁﬁﬂa(ﬁl, By, wov, ﬁ,), Ja ARG 2 A 10 AL 1 GRU 4%, L FRORCIR 385

9 (e e oees ) oAU 1A 20 15 i A B AT R s
T 150 P 52 BEHEAR A5 2 o 220 BSOS e
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41:0-( xz [“+th};£71+[;7.)
7 (u) 7 P aL=a-(_.xr_tu’+Whr}_ilfl+gr)
h,=f (xt T @B(“RUJ ~ I . ’
h,=tanh(W x|+ U (?tOhFl)
h,=(1-2)Oh,_,+z Ok,
o (9)
kt:a-( 2 tu+thht—l+bz)
T (‘_ E+W/Lr}‘;lfl+gr)
h

h,=(1-2)Oh,_,+zOh,
Ao > H A B BT UG [ R O, T O, MBI G M A s SR b N

o~ VI B B AR 5, oI I 26 0 28 R SR B BOR S 5 b, b, R b, b, A 1 U 16 e R o

B, W, W, W, W,, W,,UFfW_, W,, W, W,, W, U g HG R AR
& a%ﬂtanh(XXHHE’ﬁ)J)jﬂ5[?#%*2@/%}((% 55 @jﬂﬂﬁ/\ﬁié’lﬁﬁﬁ%

A BiGRU M 4% % AN {(xl, Xy, ) ( e xp)z, EEEIN (xl, X, x )[} LN
TR/ K exn, Horp ik MIC 589 36 5 0 08k ?EEI’J%IE ¢ ok BSFT) T B A0 R R BN Ry
Hk:[hl’ hyy s hp]zf (Xk; éBiGRL Bx(,RU) . /A BiGRU ¥ 4% (1) 5 2% o1 %8, H, R H

BiGRU [ £5 f 45 — B BE AL B9 00 6 1 bR B 45 w I 91, HARAE i S 508 (O, IO ) E X o ol
ZU B R, T AUG [ A R 2 A R, = h DR, , P @ RPN RILE Z M. GRU
JE I BT R A B R E , TTURIR N o, =f (H,s O, )= (Wh +b) , o, RAEREZ
Mk, 0, FRSHE, REESEW, FMMZEDb, . g () RRMEITIHEIERE, fEA3H
W B A I JZ (Rectified linear unit, ReLU). e, 4 3% 352 )2 (19 2% > i th FRAE A 2Pk [l 19
2, ERTEE R 7 =W, o, o Hrh ¢, KBV AR GHEBIAE, W, RIS B AL BN Z A
H 0] 5

! ! '
Y (1-k+2) Y (1-k+3) Y (1-k+4)
b 2

- (St
(e
7 o7 §-

i i) £ 4 e 1) % 4

V) e

A2

B2 BiGRU M4 45Hy
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3 R

3.0 EIEIRE SR BUEECA WAl R K B RE R, R T 4 6 L =N 375 MW Y TR I AT
KAKA R HHLLL, LA N 375 MW, KEEHLEUE Kk R 447 mo AKEEARFEHLAIA ol . BRI
R, H580E MR 375 v/min, 50 Hz & L shpLE i J2 5005 22 HEaE 82 . ¥ sh Jr m KR pL T ol
IF AR BT, K 5 T OLORRE 30 I 51 o HLAE R 2 e aUah i, PIAREN = 5 5088, HE D R SCRTE R
BURHLEE o BLALR A B4R, ORI HL AT PR i AF e i . F b . R K hlR . T
. Rt S RENE . g kIR IR AT LU T B o A ok AL E 2 % L S L E TN
LA AL WA BRI, RICT LA A 09 SERTHE S5 e, A Sehiz AL 1S ALk 5K
ALK SR X R A, (55 RAEET N T min, #EH20184E4 A SHEI10A S HMI#
& s B VEAT U R An ik, [ MLAE b T 45 5 i ok R & o B e s R, DR RE AT Ak, I R
SR BE /N T SO MFEAR S, W& T o R, nI43 386 41 A Wi AR A ok T80T, Al 45 296 41
IR REAS , BL95% M INGRpEA, A AR A . B 3 8RR R T 2018 4F 6 71 2 H 2 5 H (7K 34l
R X ] 12 O

120

110

UL

0 100 200 300 400 500 600 700 800
i [8] /min

P13 K Sedh R X I 422 5 A I

3.2 NEEEERE DUEEEBREL PN RS TE T XA R RI R . Al
F14 /0N I i 2 (45 W 75 RE B A A /N D R B R B, A BE R, RIRBCR X R B E T
GRS, RRARD S REERBCRANE, JZRRZ 2 FEUSE TR E . P
HTZ BN Symlets(Sym) Fil Daubechies(Db) PIFI/N 5L . 8] 4 7R 1 ik 28 T R Sl 5 5 72 AN [+
NI RN IY A 2 RCT B9 L W R BRI . R RS R AT, Db ERREAE R 2 BN 5, Sym JEAE 4> fif
JZHCR o e R BB/, BAR S REE R . #/h R BN F , Db9. Db10. Sym6. Sym7. Sym8 %
MR A B

DAL —Dbl SymZE

102 101.5 —e—sym2
101 = Dh2

i o Db3 100.5 ~=-sym3
% 99 \ =Dhd :ﬁ/ 99.5 —a—sym4
Mg —Db5 b s
% 98 D6 T 985 —sym
o o S 1 o5 e aymb
9% » —Dh8 J—

95 Dh9 96.5 P
2 3 4 5 6 7 8 9 10..Dbl0 2 3 4 5 6 7 8 9 10 -+~symd

(a) Db H P AR 43 ik 2 50T (17N 2 50 (b) Sym 3 3% A [R] 43 fift 2 B0 19/ 7 5L

B4 K H AR X R LE Db A Sym LI T S [ 43 i J2 45000 25 e R 500 L
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F2 ORI E MR HORN L

Db9 Db10 Sym6 Sym7 Sym8
RMSE 0.6728 0.6734 0.6291 0.6359 0.6358
A 95.696 95.678 97.041 96.826 96.828

F2IR T AN LU (1915 22 48 bR RMSE DA M 25 W 280 2 925 5, e /NS Db i, /N 3 B0
ik, H RMSE#®/IN, A SO /N S 5 W 0 S B0 8 Lk D10, 43 )2 B0 #R 5. B 5 JoR
TS T 5 E WK SRR X RS LM TR X AR, B NIRSIE SR TR N
B, HARGF M uERR T .

120 120

110 — B IR A5 S 110 — LR IR E Y
5100 E
£ o E
E 80 E

70 -

60 60 '

0 50 100 150 200 0 50 100 150 200
I ] /min I ] /min
()RR IR S5 5 (b) /N BE 2 e 5 iR sl 5 5

s oK SRR X o) 428 25 IR i S AR

33 HFEMEXEMESN AL LR AP, KEILAIRs KT . R SIUMCOR 6 3k, ML
1 58 R 8l 2 WA U K 0 R Shds A s, DR 7 A N7 IR 2l e A T A R e, T 25 RO ] L
BN RS SE W, ASCE T N T L5 50052 K S hlR X 1 #2258 VIPIRAES B R A . KkH.
B P, R T, FRER L. R R UL B i D MLALFE S St SR E D
6] & 1 Bk 3h v, 45 5% 58 5 T 55 1) FE ) Bk sl v,, SR A MIC 2 Btk 245 28 i 55K 53l R X 1) 428 5 22 () A9 A 5%
PR, O A MR SR I AR i SR SIS SR B A, SRS AR i SR SIS S Z R MIC{E A& 6
JiR, KA bR R RFAERR 2, YA bR Ry &8 B S IRENE S R MICH, k= (8), 2 EEITE
H0.60 MRIEAERATH, AU K FUMAE I G S0 DL S 5 R g B O ) ik sh 5K R
AR X T R R A G PE R, BRI AR SCH R A A TR P K ISR T, B iR DL St S
S E 1 18] R g Bk sl v RK S8R X RV

1.0 0.91 0.93 0.89
0.81
0.8
0.6
S
= 0.39
0.4
0.27

027 008 0.08

: ‘ 0.04
0.0 |

> ST CL JTC JN e

! Wﬁ“ L e\ S\w 'Y:\L;;\@\\x-ﬁw

AW
o o o, ‘2‘1\% '

F6 SRS SHRENF 5 al i# MIC i

34 WNER ACERBTETWIDNES LM, BT MIC AR LR . 2T BiGRU M4 1R & 1
WAL WTD-MIC-BiGRU, A 55 iiF 4% &8 43 M B AR J7 ik W A %0, B Fr 75 5 5 BiGRU, MIC-BiG-
RU. WTD-BiGRU B # [u 4%, IEAAZIE AL B . (55 =M . dRfE S p g sk, @5
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WTD-Pearson-BiGRU MY L 455, 58 ) MIC 2  RJZ AE R PEC R AL A5, T Pearson #H I RN H BT
A A LR R Wit 5 WID-MIC-LSTM, WTD-MIC-GRU FERY Fb#5, &R T A SCAr 2 H 1Y BiG-
RU X 2 kb B 1 2 2] Z2 7458 1) = 2 M B 1) 9 0 5008 0 O Bk 1k o #E X L2536 7R, BIGRU . WTD-BiGRU £
T eh R 25 SRR A AR R, BT A B K R X R R, R BJEOR T TR R SRR B
ARSI YN 25 B3 5 76 7€ Python 19 Pytorch - & b # 37 RJE 2 M4, 1247 Windows10 [ ML F 2R
JH2.33GHz Intel Xeon®CPU, RAM 16 GB HITHHL & .

R3O AR S B0 X

F ZRORE
BiGRU # 7 yHRAE . Vs WHANE B AR 155 B 55 155 BIGRUJZ: 1; BIGRUMIZIG: 32; iz

3; DenseZMZI0E: 30: 10: 1; IZrkEr: 20; BatchSize: 32; BEELILES: Adam

HIAFRAE: V. PO T D, Viy BEAREE A4 15; W% 55 BIGRUE: 1; BIGRUMZLIG: 32; 4

MIC-BiGRU EAE)Z . 35 Dense 22 0%L: 30: 10: 1; JYIZRIKREL: 20; BatchSize: 32; BSEEHLAL#E: Adam
. HAREAE: Vi B AEE 15; B 5; BIGRUJZE: 1; BiIGRUMIZIG: 32; £iEHE: 3;
WTD-BiGRU

Dense JZ M2 50%0: 30: 10: 1; JIZRKE: 20; BatchSize: 32; FHEE(L LEE: Adam

WTD-MIC—LSTM By AFFAE: V. PO T, D, Vi BYRDE BB 15, B H: 55 LSTMJZ: 2; LSTMMIZIL: 60: 30;
SRR 2 Dense EMZICE: 100 15 ZRE: 205 BatchSize: 30; BHEMALEE: Adam

WTD-MIC—GRU HIAFFAE: V. PL T, D, Vi BB 155 BUAE: 5; GRUJE: 2; GRUMZLIC: 60: 30; 4
HRE)Z 25 Dense EMIZICE: 100 1; IIZRkE: 20; BatchSize: 30; BEEL LA : Adam

WTD-Pearson—BiGRU  WAFFE: Vo T D VI WFHESE: 15; BMEE: 5; BIGRUE: 1; BIGRUMZIG: 32; 4k

carson=bi PEJ2: 35 DenseZMZICH: 30: 10: 15 PZRKEL: 205 BawchSize: 32; HEMALE: Adam

BINFEAE: V. P T D, Vi BTG ALEC 15, WA 55 BIGRUJZE: 1; BIGRUMIZIG: 32; &

WID-MIC-BIiCRU R 3; Dense EMZICE: 30: 10: 1; YIZRAL: 20; BatchSize: 32; HAJEMILEE: Adam

7 Fol TR AL AR A e T S A K TR 2 R A TR 22 SR 4 s, AR SCR Y TR IR 22
(Root mean squared error, RMSE) FI-F- 3 4 % 1% 2% (Mean absolute error, MAE) P Bl 3E Hr $5 F %F 455 7Y i
W55 AT B AT, R AP g5 R, AT A =y AT AR

4 AR RY T 45 R X T

KL ok 25
RMSE MAE RMSE MAE
BiGRU 57 0.839 0.892 0.834 0.675
MIC-BiGRU #5 % 0.892 0.702 0.499 0.394
WTD-BiGRU #5 7 0.591 0.474 0.432 0.298
WTD-MIC-LSTM #5:7 0.557 0.447 0.424 0.267
WTD-MIC-GRU 57 0.536 0.426 0.502 0.363
WTD-Pearson-BiGRU % 7 0.590 0.446 0.400 0.312
WTD-MIC-BiGRU £ 1 0.518 0.405 0.398 0.265
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Moisture and multi—ions transport in concrete under drying—wetting cycles:

a numerical study

CHEN Weikang', LIU Qingfeng" *
(1. State Key Laboratory of Ocean Engineering, School of Naval Architecture, Ocean & Civil Engineering ,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Key Laboratory for Digital Maintenance of Buildings and Infrastructure, Shanghai 200240, China)

Abstract: The durability problems of concrete structures subjected to drying—wetting cycles are very promi-
nent. Chloride transport in unsaturated concrete is mainly affected by the convection due to moisture trans-
port. Meanwhile, since the concrete pore solution always contains multiple ionic species, the electrochemi-
cal coupling effect between different species on chloride transport is non-negligible. In this study, the ef-
fects of electrochemical multi-species coupling and convection are emphatically considered, and a coupled
transport model of moisture and multiple ions in unsaturated concrete is established, which is verified by
the third—party experiments. Though numerical study, it is found that the electrochemical coupling effect
during drying—wetting actions would generate spatial-temporal electrostatic potential within concrete porous
solution and markedly affects the prediction of ionic transport. After 10 times of drying—wetting cycles, the
chloride content considering multi-species model is 1.26 times as compared to considering single—species
model. The decrease of the time ratio of drying to wetting, the increase of the drying—wetting cycles, and
the decrease of the water boundary saturation during the drying process could all enlarge the influence of
the electrochemical coupling on chloride transport. The results show that considering a single—species trans-
port will lead a lower prediction of chloride intake under drying—wetting conditions, which will result in a
more dangerous durability design of concrete.

Keywords: drying—wetting cycles; unsaturated concrete; moisture; multi-species; chloride; electrochemical
coupling
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Vibration trend prediction of hydroelectric generating unit based on MIC and BiGRU

BI Yang', ZHENG Bo*, ZHANG Yawu’, ZHU Xi',

JIANG Yalan®, LI Chaoshun®

(1. Zhejiang Xianju Pumped-storage Power Co.Ltd, Xianju 317300, China;
2. PowerChina Huadong Engineering Corporation Limited, Hangzhou 311122, China;
3. State Grid Xinyuan Company Lid., Beijing 100761, China;

4. School of Hydropower and Information Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: To improve the accuracy of vibration trend-prediction for hydropower unit, a novel trend—predic-
tion approach is proposed based on maximal information coefficient (MIC) and bidirectional gate recurrent
unit (BiGRU) network. Initially, wavelet threshold de-noising (WTD) method is applied to reduce the
strong noise of historical vibration data. Then, the MIC algorithm is used to select the strongly correlated
status parameters, which influenced by hydraulic, electrical factors and mechanical unbalanced force. Then,
BiGRU network is employed to establish the vibration trend-prediction model, and the trend prediction of
vibration signals is carried out with multistep in advance. The trend—prediction of vibration signal obtained
online is predicted by the trained model. In order to evaluate the prediction performance of the model, the
vibration monitoring data of a pumped storage hydropower station are collected for multiple groups of com-
parative experiments, which proves that the proposed method has good prediction ability and generalization
ability, which is suitable for the trend prediction of vibration of hydropower units.

Keywords: maximal information coefficient (MIC) ; bidirectional gate recurrent unit (BiGRU) ; wavelet
threshold de—noising (WTD); signal processing; feature selection; trend prediction
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