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Neural Keyphrase Generation with Sentence Selective Network

LUO Yichao', LI Zhengyan', ZHANG Qi'
(School of Computer Science, Fudan University,Shanghai 200433, China)

Abstract: Keyphrase Generation (KG) is the task of capturing themes from a document, revealing the key informa-
tion necessary to understand the content. Existing neural keyphrase generation approaches focus only on the token-
level information while ignore sentence-level information such as document structure. In this paper. we incorporate
the sentence-level inductive bias into KG and propose a new method named Sentence Selective Network (SenSeNet) ,
which can automatically learn the sentence-level information and determine whether the sentence more likely to gen-
erate the keyphrase. We use straight-through estimator to train the model in an end-to-end manner and incorporate a
weakly-supervised setting which is helpful for the training of the sentence selection module. Experiments show that

our model successfully captures the document structure and reasonably distinguishes the significance of sentences,

and consistent improvements achieved on two metrics in five datasets.

Keywords: keyphrase generation; document structure;straight-through estimator; weakly-supervised
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AR A R — N TE B AR TE & AL B v 4% 48 0F
HAPEAAESS . T 0T LLE i AR B G B o 4l 31
SCRY A o AR YRR A B — A AT I S O
R L FRATAT LUR 5 5 4 i T R R S5 . i,
A3 (text categorizing) ™ | LA % (summariza-
tion) ! Fl & WAZ M (opinion mining) ™ %,

KB 2020-11-20 ERBEH: 2020-12-28
HEMB . WEEAH AR (2017YFB1002104)

TE R T AR b R G T R R AFAE T
Js e ] LA 43 A 4l B (present) 5C 88 0 18 FAE B
i (absent) ERELTH . 5000 7 %5 800 F A e
RGBT T L3k 28 07 125t Bl PR Oy O B A o il
B, SR AR Z2 A5 B0 T R I AR R A OC B I
Meng %0 42 H T — Bl 3 F 7 & S WL Cattention-
based) B JFEH B FE 5] (Seq2Seq) HELRTT, IFFI A T 4
DLHLH] Ccopy mechanism)™, DT A5 2% # A i &
i, Chen ZEUHEH T —Fh 45 & 7 35 HLH (coverage
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mechanism) " #1 8] Jii L #] (review mechanism) FJ
B, AT A BB 22 Ak 1) G B 4 1 . Chen 45H
P T — AR T AR B 2SR T A 0GB A 1 A
B, Chan %5 R 454 F 3 L2 i o6 KL 5 L 2
205k 5 T AL AR, O AR T 2 R Ry O B
JERTER

JIT A 33K 2 )5 AR R T — A7 51 BT 41 (Seq2Seq)
AIHEZE , & FE B A A SCRS S 18— AP 81, - 55 b )
A7 SCRY H AR B A B R, SR, SORYS Hh AR B Y A
SEARTE Y . a0 X TR s SO — A
H i) (purpose) . J5 ¥ (methodology) . 3£ & & #i
(findings) . SZ 86 M {8 (value) 58 JL A 15, W12 “ H
(9705 ¥E 7 AR ML A7 SC B il B S R I
CET AR A DGR  DRG R SO S R X
B m) 1 95 B AT LA RO D TE R B JF HLRE LR
RTINS T A .

ASCER T — BB 5 1 AR Gk 5 I 4%
(sentence selective network, SenSeNet) , H: 7] A H st
g —A a1 1 A5 I TR AR i B e 7R i) 7y
i« AT 4] B 33 A ) o 5 A0 1) T A i OC B i L AR
JE AR ZAEAF 5 (01D 1A R B9 I 99 i 2 3] ) A 1Y
J7 90 AR A SR e R B A B, FE ISR PR 45
ity B SV T 2 1 R T 3R (E R A SRS R R
(0.1, 3% 2338 B B2 JC 12 I A% iy Tl e, i L FRATT 5
A B3 Af 1B (straight-through estimator, STE) J5
1228 5 ol A B 1] 4% 9% 0 B2 1] A% 4 o DT (S A 28 T LA
Ui B I k. F3 80,y 1 PR UE R e 5 0 2% ) P RE
RO ASCRR N T — A 541 55 AR G 19 55 I BHE 5ok
B R RN 2

* Electric Power Steering System Based on LQR Techniques

« & @This paper aims to present a linear quadratic regulator (LQR) employed to
improve performance of an electrical power steering (EPS) system. @Generally, EPS is
a full electric system having an electrical motor which provides the assist torque on
the steering mechanism in order to reduce the workload and to enhance the steering
feel of the driver during the steering process. Since the torque sensors are considera-
bly expensive, the authors present a control strategy that eliminates the driver torque
sensor by introducing a torque estimator. Three main technical areas are described in
this paper. First, the principle and structure of EPS are presented including the dyna-
mic model. Second, LQR and Kalman filter techniques are employed to derive an opti-
mal controller for the EPS system. Finally, the simulations and hardware results are
depicted.®The combined tools of Matlab/Simulink and dSPACEprovide the environm-
ent for modelling the controller in software and applying it to the actual hardware via
a digital signal processing board based on the DS1401 MicroAutoBox. The controller is
evaluated via simulation results, dSPACEhardware results, and verified on vehicle
testing data. @This paper presents a controller design for an EPS system based on the
LQR techniques. Within the controller concept shown, elimination of the driver torque
sensor offers advantages in terms of both cost and mechanical performance. Simula-
tions and measured data prove the good functionality of the controller proposed.

+ XHBIGIE: electric power steering, linear quadratic regulator, optimal control,

robust control, electric motors

Bl 1 SCHEETIE A L — A+
. KR B3R 2 present keyphrase, F %Il £k 8.5 /& absent
keyphrase, i B 44 A PUF 4y . HAY (purpose) \J7 % (meth-
odology) . K B (findings) #H{f (value) ,

ARSCAE IR BAC T 528, SEER R A 4R
TEAF IO 244 FE 6% 58 Sy 1A 1t 3 6 A X EE L 0 ) -, OF HL
At I SC R A i e O R o S 3 AT —
SE M PEREEE T U HRAE A A G A i oy . T
DI BT S A5 R A SRR T — R 2
T 22 5 45 15 (semi-present keyphrase) . 3 /b, A%
SCIAASC T T8 M S5 S R W S R AR 2% AT 4
Az U R v X RE R A AT RO T

1 #EXIE

BT 0 G 58 A 1 A T 1 A AR G G B
BB (keyphrase extraction) AT H (14 3¢ 5 465 15
H: i (keyphrase generation) ,

1% G5 1) O il i o il R R R SR
BB BAE N RIS, — A A D i 3 )
B HERY . FE5 — B Be, 1 e il — 28 )3 & 07
e R — BB fige 358 47 L 49 4, 17 % BR 73 (part-of-speech
tags) M AT N JEBAY (N-gram) 7, 8K Ji5 5 33 2L fi 1
TRV AR B A OGS O 1 T B Mk A M BB e
W D R HE Y . A5 R 5 1k I B A R R BB R AL
SCHRFFTERY BT .

BT FEPIX A, meng FEGRBET —1
HTF Seq2Seq BRI ——CopyRNN, B 454 T
BB RN DAL A TR T — Ak
R B KP20k , I 5C B S o A= o) AR B 2
A M IR 2 O B AL B S B X HE
b R E M AE . CorrRNN' 5| A 78 36 HLHIT
R[] BT AL 1) A 2% fife 5 RN T AR I ) AL ol A Y A i
TOMZAE R 5 . TGnet " 5820 FIH T b5
TR I AR AE S — A BUAME B AR R SO Y,
BAF A RROR .

P EWRBE 2% 2] B i & 2 T oneZone #2019,
EL A P B A S 1 B SRS A g — > G B R 1 —
— X I Ml A B A i 2%, B S5 beam-search i
17 R, 28 OME 6 B S 19 b A DGR TR AR o 45
I DA 3k 2 Ty vE A Y oG B R B iR [ E Y,
Yuan ZEP2U B BT catSeq Fl catSeqD, A DX
A AN R B B 2 A G R . B I IO R —
SCRY X R 1 22 A4~ O B O PE A — A, 1 4 B A <<
seq >0 IF LG A <<eos> 45 B BHE R E H—A4
JPA . FESRAS Y BT, AR R O B I B 25 R AT R
1k, XA BEFR Y one2many, fiT Chan %
S5G — A~ FE N 052 il bR R iR A 2 2] 5 4R T AR
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RUPERE I 28 BB B 2 0 OGS A (e T2 AT
catSeq £ MUY P B8 /N TAR S P B8 . D)
A3 SCHR P T — b &t O o i T R R A D A
B b % fifk ) SCAR) A 45 BRVE AN Y 0]

AW TAHESZEZ T Yuan P B T4, 2
one2many B 2, — W A= B [7] B i (19 ¢ 5 05 0h .
F TG-net A&7 A5 AL, A 3 A5 Y b 35 7 F M SC
(1% 7 L 40 4l B OG5 i L (H 2 X5 F TG-net H
R BRI B, 5 AR SCH AR A B i S T A B F

2 EERFE

2.1 [EBMENX

TEATT o R0 OC J B 1 A g il — A IE U
() S, 2 — IR SCRY o AT H bR 2 A ik
ZANAETHRE R Y ="y sym . Hi,
PR 2= (2t s D) M H B R IE y, =
(yismsy DR FH, |2 | F1 ]y, [ £ F S
PP o M 0 A CHEE R v, MK, SRS
W4 A B S B 45 15 (present keyphrase) Fl A2 h,
G HESE 15 (absent keyphrase) , R CHEH T —4
HTE A& F B OC 8 JE 18 (semi-present key-
phrase) . X SCHER F 2 T A S ia &R B AE T —
AR E A B A O G B A TR IR AR AT LA .
BN SO, ARSCH v = (ot syl b
VO y L PRy =yt ey VR R
SOX =RhOCHE RS . RAEE L.y Sy . K1 HM
T =R [E] G B R ) BRI . Ho, AN
RFE—AHia] , SOURCE 1R & i 30 .

R1 =MARXBEENGF
SOURCE ABCDEFGHTI]
present "ABC","EFG","HI]J",etc.

"ABD","BCA","A D H",etc.

semi-present

"ABD","BCA","X Y Z",etc.

absent

22 ETATFEENRBRE

& 58 11 4 i 2% Cencoder) B2 HL B S5 4 5 A )7 571
x=(x, x5, s x) A HE A (embedding) , 55 # i
ser) IRJA Gt — A G i A% JE L A0 BLTE]
[T 0E 3 2850 (GRUD P 8 % Transformert?! 15 %]
FURZES R H L (D FiR .,

62(61762’...

H =Encode(e) (D)

TE /R 3 R 88 He v, A SCfiff A B R 22 ) %

(CNNO X a] F BEAT 43 2800 4 Z 1 45 2 14 5 5] 1] ik

AFIR e AP SHA T8 . 5 AT S i)

FIis .

Si=e. PDenis @D Desigs (2)

Ho, [S, [ #RamA]F i MKE,OFR»ALFHEER

ZE PPz o, TR AN FIFIRIAE . RS,

FATH CNN R M4 FER. Al S, R

TER— D ORE N e WERES KR4, 50 )

THIH j ABRE o 3D @ R,

ch=cW e e, G i T0) (3)

c.=[c'set, e 4

Hr o J2— MBI, 0 & — AL Ak RS R

. SRJ5 M max-pooling #EAEMUH ¢ v Y e K AH

cY; = max{c, MERFFERRFA Y, iHH A2

B3R 718 2 P28 33K A 4] - S A S0 1] T A OGS
W, = (5) ~ (D PR,

S\fkﬂj

m,; =MLP(cY,) (5)

7: = sigmoid(mw,, ) (6)
1, 7>0.5

z; = 7
0, 7<0.5

Hoh, MLP 2 £ 2 &AL, sigmoid J& 4k £ Pk
PG PR A w,, & — AT YRR A E W &, 2, 2 —
AT HRIERITT REA) D RAEE (] KRE
B0 RIRAEE),

R T XA E AR DB 5t 4 B AL i
HE AT A IR ER R IC 1, FIW o N H
A A B R AR IE O, I g (KRB TH %
Ne SRJGH— embedding #i[F D € R'** X [w] &
g MW—A i AL RS 15 B — D FRAR S H JE AR
[F A B G ¥ G A1 H #E47 [ 243 B2 AH 45 21 5 24 19
R F L an=X(8) (D PR,

G=g"*D (8
F=H-+G €D)

Hrr,d JRARE D 4ERE 72 3 m GRU fr

DL % 2d

2.3 fEfg=R

TEfRAS R R, g i 2845 2 i B o BRUIR &S F 45
BEENOVETE LR SCmEu, WA e B9 1T S
) u, MRPEN 0,

T
u, = ZaUFi
ji=1

(10)
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P2 TR B 5 114 g i 45 5
TE + JRHR B 5 JE] 2 7 dR) e A TOUAR B9 J6 Pl 3 /s 4% IR ) 73 20 J5 BRI . B T 3RR AR A 2 BRI R 5 B, AT R B

HAFRRBRNN 01 AR% . BURES NIRRT 5] 450 encoder 1431 1Y,

Hr, o, RRIEITH P
IARINEEP S

e EFSCu, WHREBNT M s ] LA ST 4f #h 3 b
e GE R 5 B A A 4L s (D s (12)
FroR .

s, =Decode(y, | ,8,1,u,) (1D)

by, | y= F) =Softmax(y,,s,,u,) (12)

Horp,s, AR RS 8878 ¢ 0 20 B /Y IR 25,
Softmax F DL 15 3] A= i, i/ & i 4 A 53] A9 HE 3R, o,
R ¢ W2

1 F out-of-vocabulary (OOV) , # Bl 7K fE A= K,
M A . PR AT A8 DAL 2 f 65 2% v B ok A
Fe UG SCRY b P8 DURG A 3] o T LA e 4426 B — A B iA]

J L R AR e A

1) HE 38k 43 R T 3 4 A AT DL, sk (13) ~

25 R,

Py s )= p, (v, | yer o FD)+p (3, | yoi )
(13)

Py |y F) = — Z )y, € X (14)

w(x,) = c(FTW, s, (15)

Hrp X RERBC x PRAFES
AATE S WS BOE Z BT IH—1k.

"W, 7\%4‘

2.4 it

2.4.1  FrufEUI i FE R STE 46
R T UNZRAERY, /Nb B AL SR X B BE K (16)
WA
Ly =— D logp(y, |y F) (16)
SRNT 76 G B 2 AS B o, A58 80 Ay ) F A Bl T — A
Tk B AR R R [ (T L SRR R R AR AR A i

T 28 BROIR 25 0 WA ) £ 2 B R A AT

SN BE TOVE AL g 18], O T iR DR X A [R) A, —
A3 B 77 75 2 R 3R g A B (policy gradient)
MIEFEERL pCy, |y sx) HORFE— 41200, SR )5 B
Bowi o th — A 2 il ek B GX B 2 IF M 8 AR Fy
B o SR SR AR AT AR T 3 0 A4 I el —— 46 9% 15
FNJT 22 K 33 - OB B AR xE I 25
TEX A TAE T, 52 Z B IR 3% B2 1 #2824
AR g 8 me, R GE Al 3 B Cstraight-
through estimator) 2451 “HE R E, X F
fR RS % 1 — DSR2 S0 Al TR R R (1T
A
dEL D] logp (v, | y-,»F)]

a0
dEL D] logp (v, | ¥ s F)] gz dy an
- Iz dy 90
dE[Z 1ng(yz |y 1?F)] dz 20
(’]z d77

FH—A- 2291 BT 39 10 sR L 9 R AT Z iR %
FERY B TS 5 = o AR R AE IF ) A% 1 09 B 48 30 2 A%
0.1 BSEUE , M 7E S A% 46 0 e 1y 09 86 B2 X
flitt = BB . XA — A2 AR T
FEAG TH B H0E B I EE = 2L
2.4.2 55 BN 2

T B ERE AR A R O SR A B A G
FEE R AE U SR8 S i A 0 R RRAE
(0. D EAAR & k27 X SRR I A3 R 7
IXER NS . 53 Ah, WA il = 5338 45 i W BHfE B AR
A2z ) B i S5 ARG AT e ) FIE B = i eE 1 B
TR 0 X FE M PR e L T HAEH .
R 30 1R Ak G T B AE Y Seq2Seq BERL, A LLAE Y
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TAETT LA K B, S 4 1E B 1 O Bl o O Bk
MNCIE SO H Al R SR Y FRATTIA D A7 A il B OG B
TR ) FAH S L HE T 2L A2 Zhou SEPCUKE 5 I
BT NLP TARR % AT B — A4 74l 17—
NI EAR S o € {0, 1), FE R R XA A 702
MREEER, P 1 FREE, 0 RRAEE, [F5
BCE AN« A5 XA R A A A GRS B e i
BB B L ARIE o 1, R ZARIE N 0,

SRV 8 £ 0B Y BCE
loss ( Binary Cross-Entropy loss) 3 47 Wi &, W0
KA R,

Lyt =— > a,logy, + (1 —a)log(1—p,)

(18)
PRI S f i B 4 2R iR ERan X (19) B,
L :LMLE JF/\LBCE QD)
Hrb A 2—1 =,

3 LWESY

3.1 HIE&E

AR SCAE LA 28 TR e O B Jed v 2k OB il 2 |
T 5258 . Inspect™  NUSHS |
2010°% [ KP20k ,

Hrh  KP20k 1A 25 50 J7 2 840 o bb H: At 2 4
SERBHERRVF 22, i LA 3025 U Bl 56 O B i i
1 Hr.

Krapivin?™ | SemEval-

3.2 SEMET

HAE Chan 58 TAERYSLH B 1T, 76 40 2 4 i
8 IR SR B B T <<digit > 10 B 8 present
73,9 H.
4 present keyphrase $4¢ B8 3C ot 80 7y i 47 HE 7 .
TE AR OB L o I o B A Y DG B RLTE M BR . 3 A
TR AR R I W ) 9k B AR 0 A oM T A
baseline %% B #B A1 Chan 46 A\ B TAERFF—FE, @
1) KB 50 000, BRUZ R/ E A 150,

T3 Ab A — S S b T B AR AL ) R A A
N 'E embedding 25 D S E d S 150, 1% F1
B2 4 — A ﬁ“AﬁmE"Jﬁﬁ'%ﬁjwﬁﬂ%
BB R /N & {1,3,5) , liBEH N 100; BCE

keyphrase il absent keyphrase F<peos>

?ﬁﬁi@é&ﬁ’ﬂﬂi%ﬁkg S, 7R 0.08 BT

3.3 Baseline &2 &! F1{E M 5 4R

T g ik e im i R TIREE 2 S W ik,
FTAAR S H 2 B BT Seq2Seq B AL, £ 2% Chan
SN A O A AR AR O I T
AT R 2 . 25 5 45 DALY catSeq (] £
JEA TR B (1 catSeqD! | 45 45 78 35 AL il A [ i A1L
H ) catSeqCorr™™ | 45 & 5 (5 B AY catSeqTGH,
Horp, J5 = A AL AR 55 — AR AL b s i AL ] Bl
T ARSCHE I BRI 2 TE catSeq IR I
Be P LA APERE W2 A XS T catSeq MY, I3 40, A
6 R T8 19 4 % = (A Transformer, LSTM
A5 SR B R 4 HR A AR AR () 38 A

SEHT ) — 28 TAES" N beam-search fif 2%
D IBUOARE 3 i vy [ 2 > B0 Cn 5 B0 10) 19 OC B8 AR
5 AT B AR RS N F, @5 I F, @10, R T
B 3 DT T A8 B Y O B A . Yuan UV T
—AHRPEN R AR . F @M . B E R E R i A
GBI A B SR Bk T F o

ARSCA T AR B ) SRR L T LAE ] L @ 5
M F, @M WA P 48 45 % 73 90 PE A present key-
Ho @2 E N,
BT AR B AT AR i 1 OB A IE A AT BER 2 5 AL T
DI Fy @ 5 B 55 S0 2R iR 2 5 S BRI Y
15 I B AIL At i 1 OC B R T A 4

phrase il absent keyphrase,

4 LIS H

4.1 Present 1 absent 3% £& 45 i& fn Ul 4 #fr

A AT HIPED T A BYAE present Fl absent key-
phrase I B9 PEBE. A [A] B A 7 present keyphrase
FRPEI S R R 2 Frox. AT LLFE B, ) 93k
W 2% 1) P RE TE JL-F- i A7 8 4R B R o T g A
WEHPE B, B T 78 Krapivin £0 95 £ F 1% % T
catSeqTG HAY . =5 52 |, A SC 42 H A9 B2 R AH X
catSeq tERE A — & B T+ . & 511 40 1, Krapivin
B 4 b OB R TR 2 M AR b T AR L T catSeq-
TG WU BEA0 O T b A S i A2 2R & AR SO AL
W& 4F — A
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% 2 Present keyphrase fE A M EIEE LN &R
Inspec NUS Krapivin SemEval KP20k

Model
F,@M F,@5 F,@M F,@5 F,.@M F,@5 F,@M F,@5 F.@M F,@5
catSep 0.262 0.225 0.397 0.323 0.354 0.269 0.283 0.242 0.367 0.291
catSeqD 0.263 0.219 0.394 0.321 0.349 0.264 0.274 0.233 0.363 0.285
catSeqCorr 0.269 0.227 0.390 0.319 0.349 0.265 0.290 0.246 0.365 0.289
catSeqTG 0.270 0.229 0.393 0.325 0.366 0.282 0.290 0.246 0.366 0.292
SenSeNet 0.284 0.242 0.403 0.348 0.354 0.279 0.299 0.255 0.370 0.296

Absent keyphrase PR B/RAER 3., 1]
DI 2 3], ) 9% 18 35 X 4% 78 BT A 80 s 48 L #R AR T

RAFHEER I HERE B T ZF /T,

#& 3 Absent keyphrase E AN EEE LM &R

Inspec NUS Krapivin SemEval KP20k

Model
F @M | F,@5 | FF@M | F,@5 | FF@M | F,@5 | F @M | F,@5 | F,@M F,@5
catSep 0.008 0.004 0.028 0.016 0.036 0.018 0.028 0.020 0.032 0.015
catSeqD 0.011 0.007 0.024 0.014 0.037 0.018 0.024 0.014 0.031 0.015
catSeqCorr 0.009 0.005 0.024 0.014 0.038 0.020 0.026 0.018 0.032 0.015
catSeqTG 0.011 0.005 0.018 0.011 0.034 0.018 0.027 0.019 0.032 0.015
SenSeNet 0.018 0.010 0.032 0.018 0.046 0.024 0.032 0.024 0.036 0.017

Present fll absent keyphrase B3 40 it i 2 1)
B L UE B T FRATTHE G A Bk 5 I 4% e A ROR)
Gl R DS N U % NI (S SN i - i )1 S i e RS
FOEEPSAN

4.2 Semi-present X & %5 i& ¥l 43 47

TEATT Ry 7B UE T — 5 4 ) p LR, AT 4
T T )35 PE W 28 7E semi-present keyphrase | A
PERE., #R 38 45 1T, semi-present keyphrase 5 Fr g
keyphrase i) 7.9% , 1Mi absent keyphrase 5 fr & )
41.3% ., MHRIEE X semi-present J& T absent key-
phrase, T LA semi-present 5§ absent W Y 7R K — B
g7, B A BB semi-present IYHER R, B RER
R TE absent IHERE.

4 AL T T SR HERCAUTE semi-present key-
phrase FRYPERE, HI T I BYREALLE L ) absent key-
phrase b F\ {BAEHE K, BT LAFRATT 358 B IE 6 F00 00 7% O 4
R A A Recall {8 1E B IFA 48 45, R 20 BT semi-
present keyphrase F absent keyphrase 7% 2= i & F
#B53(FH absent w/o FR7) HRCR . 7T LA, A
J& semi-present keyphrase ifJ& absent keyphrase, £ 7

SenSeNet {1 ¥ g #8 A 1R K2 T, 45 51 02 £E semi-

present keyphrase | ,SenSeNet AHX - HE A I 7E 7 0]

R EHEFT 0.6%, [FBTFE absent w/o F#EFF 0.4% , FF

PIRETE absent JCHHATTE S PERERY W & 4271 .

% 4 Semi-present keyphrase 1 absent w/o keyphrase (F& 2
semi-present) 7 KP20k {#E&E FHE R

semi-present absent w/o

Model
# count Recall # count Recall
catSeq 398 0.053 637 0.020
catSeqD 384 0.051 674 0.021
catSeqCorr 408 0.054 676 0.021
catSeqTG 390 0.052 681 0.021
SenSeNet 440 0.059 763 0.024

4.3 AFHEXTNH WD

TEATT R B ST 7 SO ) 5 5 X SenSeNet
TN DG AR VA BE R SE IR . AR SR I 12045 8 48 2 BR S
A ER 3o 5 4y, SR A TR R — 820 T SenSeNet
AN T catSeq 2+ 1 2 /0 . WNTEFRIEIR T F, @5 F1
F, @M, present Fll absent 43| 7~ , BB MR FAHIH
S AR A 3 R,
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—8— Present F1@5
—&— Present F1@M

-8 Absent F1@5
—&— Absent F1@M

2.50% 16.0%-

2.00%1 14.0%-

12.0%-
10.0%-

8.0%-+

1.50%-4

1.00%-4

0.50%

891 [10.11] >12 <s 671 89 [0.11] =12

K3 AN R - Bk B AR X 48 T
7 : SenSeNet AHXF T catSeq 7E A [6) A1) F B 1) I 38 B8 4
wh v AR R T LL 6

<5 [67]

A L F #, AN E & present keyphrase it /&
absent keyphrase, fifi & 7] T 18 3 0, SenSeNet #H
Xof T Ak ALY T o O W R T X U
SenSeNet 7EFifi & SCF 1) 1% 8 Z 0F R BEA R
WrPERE B BA R LR EE . AR LR
F|7E absent keyphrase Hv, 8 #8158 42 F+ B & 43 302
LK T AE present keyphrase H1, 4 1t B SenSeNet
1E absent keyphrase HV4: 51 %L,

ARG s A TRy 7.6, R E

BT RCR B A TARIC oy 1 AD O 3.9,
o I ) EE O 53,4 00, e U B AR R A
J S v 3o M A ) F 2 R AR O B R T IR R
AR S B PN G AR, 2R B e e R T A 2
TEFEM 28 VE L T 54,1 %0 B9 A) 55 8 B 2 A 1, X
AR IEE R e R A e i 5 TS I
SRR rp i HUAY 76 D0 B % HE TR AR Ok B EE A
Fo X Ul B AT AR B A L Al AR T A AR Y
SCRE S AL L I H s MR X A U9 9 i AR
B A AR

4.4 RBISH

AT AT TR B4 —A B AR 5+
W T catSeq Al SenSeNet A= i i) & 15, Ho,
TE H AR LR R & present keyphrase(J5 3 H
A XN, T R4 HLiA] J& absent keyphrase, $ 71 i , iX
AT RIZ B E JE T semi-present keyphrase (Ji SCH K
JEF AR, JRSCHRES 1 AT IS 4 /A) AR Y SR Bk
PRy E LA,

performance and high economic benefit have been obtained.

H: @Intelligent decoupling control of power plant main steam pressure and power output. @An intelligent decoupling control strategy has been
proposed and successfully applied to a 300 MW boilerturbine unit, i.e. Unit 1 of Yuanbaoshan Power Plant in China. @For the strong couplings
between control loops of main steam pressure and power output, a new design for decoupler aimed at decoupling for set-points and unmeasured
pulverized coal disturbance of the system at the same time is presented. @For the variation of operating condition and slowly varying dynamics, an
intelligent control scheme has been developed by integrating fuzzy reasoning with adaptive control and auto-tuning techniques. @Satisfactory
industrial application results show that such a[control system]has enhanced adaptability and robustness to the complex process, and better control

BiRE: decoupling control, intelligent control, fuzzy reasoning, adaptive control and auto tuning, power plant control

catSeq Filll: decoupling control, power plant, power output,

SenSeNet iﬁiﬂ“ decoupling control, fuzzy reasoning, adaptive control, power plant control

& 4 %F L SenSeNet F catSeq i Hi i) F 151 43 ¥
T O DA E W SenSeNet HI W A B EAY A T, HAKHIEFE /R present keyphrase, F X4k 847 % 75 absent keyphrase CHE 51| i) 75 1%
A F 2 semi-present keyphrase) » 5 HE B i) 28 7 A5 5 0 I0 () 56 48 05 (H R AFAE T SO b, 28 O A R A3 4 B3] R 7R semi-present

keyphrase K ,

XT b catSeq #11 SenSeNet W% H 7] LI & FH , cat-
Seq A Xt T —4 present keyphrase, [fj SenSeNet 1]
X T catSeq Z XF T M 4> present keyphrase Fl—
/™ absent keyphrase, 43#7JR [H, SenSeNet ¥fix
AN B “fuzzy reasoning” Fll“power plant control” fif
TE Y /) 45 F Wy hy | 00, B DAASE AU R DL K W] g
M AN ) ok OC B TR . AH I, catSeq L
SenSeNet Z il T —~4& 1 #LiA] “ control system”, T
XA R AFAE 1Y 4] T 8% SenSeNet H W7 b A & 21,
JIT LIS REAR 7 D3 A ] - r g BROG B 3) 1) ME 56 L B
LU A FE R TIN 3 A B IR] 3K i B ) B R A
DT X DG Bl e v 0 A AR KRS B

4.5 HARLDH

TE A v ) 455 Y AR i O B8 5 K I Y attention
A T AT ARAR S . an B S BT, =k AT KB
4y 3 R 6] — ] 15 7F catSeq. SenSeNet Ji A
) f & J5 (1) . SenSeNet HIl A A 8 %2 (4 f # J5 (0)
= FAE LT L A BIE TE f# B B attention BUE Z
Ao AT LB Sk H(E B A IR OC B A T Y
WE 2 R . L OHLAS  JLAS IR 2 ST O B e O
PR

T catSeq H, FL L OCER I 1 A JL A SRR A 6
B RAE X T[] ) v H Al o] e — a5 (R R R AR,
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% g A AR TR R I O B 1 AR A 71

A BN time” H 2 R 0, i LUK JLAS B R 25
Gy A R AR SRy A L Y ) i R T 46 ) T 3 )
WERNEZEIPMAT 1 R ER. T LLEM, XL
Tl (AR AR AR AR B L AR 2 5 B U SR AR Sk G
BEiE ., EE 5 5 3 4T Sen SeNeto H1, 4 HIIA 0 Y

tS
°
s
8
°
s
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s
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°
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°
=
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°
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°
s
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°
I
8
°
B
s
°
2
8

0.00

SenSeNet0 SenSeNetl

phase error is quadratic the

)

4.6 ERAMSW

FEZR AT, AR A 3E A T A AR
T £ Seq2Seq HEZETE KP20k ¥4 % FA L
SenSeNet L5, WL 5 Fw,

x5 BEAMIIEXRE
present absent
Model
w/0o SSN w/SSN w/o SSN | w/SSN
TF 0.273 0.278 0.015 0.016
LSTM 0.289 0.293 0.015 0.016
GRU 0.291 0.296 0.015 0.017

25 P, EM AR AR R F, @5, o “TF” £ R
Transformer ., M\ 5 WAl L& i, JC i & H WE Fh
Seq2Seq HE %%, SenSeNet FE present Al
keyphrase [ #BA B35 A4 T, X Ud B AR SCHE H A AR
AUZ 5@ 0. AT SenSeNet REEH 75 5 i #
FEAAS ] B HE BRI+ 0 A3 R SR PR &8 O LA =
O /A) G328 S — ANl ST 3 5 AL B, T DL Bl
L) TF B @ F W O TR 07 /Y i) ik A
FTRAE R ) G U 94 g T AS 2 P bl A A Y
O (HIEM AT Z G B & R X HE AR LR
RUTIN-F-18 , JF Ho B Ok B S 22 9 s 4R o SCAR L AT
RE AR B 4 iz 47 5 O AR HORAT: 55 58 AH 5
(14 55 W B A 5 R T 4 b A8 A AL R AT ) Ik

RO PA-DEERBER, MR NS AT
HEAIFATHER Transformer HESE 1 45 R A WAH XS
B4 GRU Rl LSTM, 252 | AU F A Al
A KA R, A AT 55 Hh e TRl R L i 44 SRR

absent

0.14

short  time fractionalfourier domain  (

it B F5 5 3K A4 s % D AR ARE S5 AE X bE AR v A
] “short” Fll“ fractional ” i) B {E o A8 £ AR 1K , A8 75
BMARE S wi B, 5 AR T SenSeNet X}
I I g RN B ) i A BT T
IR

0.00 018 0.02 0.01 0.00 015 0.00 023 0.00 0.00 0.01

stfrfd ) filtering is  utilized

(i) — A v T A B4 3] A O 94 ME R A = A [ 195 B0 BT AR AR 20

BICNER)Y, Yan &9 738 T XA B4, IF H G
45 T AR . OFRfE Transformer A5G J5 [a] #l
FE 25 B 3 @ Transformer B3 & J7 43 A H 524 XF
FL I, H R 7E NER H, 12 58 7 40 A Bb 4 s 6
PRk A /0 i) 2 LA T Y, K T s A DG i o
Az o L R REAETE

5 %5iE

ARTCHE T — A B B AR A R 2T B R 2%
(SenSeNet) H T OB F i A . & Al KL A 3 PF AL
SCRY F Y A4S ) 7 S 7 B [ T A ARG B 1 T 1)
BRI b g A i B A SO EE Al i (STED itk
BRI B 22 [0) 80, 9F 51 A 55 W BHF 5 48 SRR T 4r
M P E B A - SEHR SR A Sk 4 I 45 fiE
RACHB A AR SORY 4548 45 5L [ I A 00 2 5% A 1) T 2
SR B L T 1) ) 1 i i Al BB G B e o A A
AOCHE AT h A 5 BOR
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