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Fishing Vessel Operation Type Identification Based on Sliding Window and LSTM Auto-encoder

XU Wen-Jin, DONG Shao-Kang
(College of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: Overfishing and illegal fishing have caused serious damage to marine ecology. With the development of the
automatic identification system (AIS) on vessels, scholars have proposed plenty of algorithms based on AIS trajectory
data to identify the operation types of fishing vessels. However, these algorithms ignore the“jtemporal features of the
trajectory. Therefore, this study puts forward the identification of operation type based.on the sliding window and LSTM
auto-encoder. Firstly, it utilizes the sliding window to extract trajecfory features and then uses an LSTM auto-encoder to
learn the temporal features and potential advanced features of trajectories. Finally, the Softmax classifier is embedded in
the LSTM auto-encoder to jointly eptimize the-cost function, achieving the best classification. The algorithm is verified
based on AIS trajectory data of ﬁshi’ngkvessels in the Zhejiang sea area, China. The results show that the accuracy is
95.82%, which proves the eflfectiveness and reliability of the proposed algorithm. The algorithm can be used to assist in
judging the operation type of trawl and purse seine.

Key words: LSTM auto-encoder; sliding window; deep representation learning; automatic identification system (AIS);

trawl; purse seine

I — AN FR ], 02— ANk R [, ST ARk, fi S BN 56.33 T3, WEFEA BT ME N 2197.20 12
ol Ptk N 53 5 HARSE, #k 2020 S8R, FeE i TG, A 157 09 B [ I i B 1 O R A T ) T

O HEETH: FHEARRAHES (61806107)
WA ] 2021-09-16; A& BT [A]: 2021-10-14; SR FHES [A]: 2021-10-29; csa 7E£R Hi RIS [A]: 2022-05-26

Software TechniquesAlgorithm X AFH AR 5% 287

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/8548.html
http://www.c-s-a.org.cn/1003-3254/8548.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.008548
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 H6

BRU. (EL 2 B A Ol 2 B AR IR R R, R AR . BN
ARIFAr 495 1) 8 H 2™ 5, K S AT AN IR R e AT
Fralthk. e o R & R A 2 i, A 17% 1
HEPEYI L B, 6% HIMEPEYI A R4, T R
P T I B IR, SEE O AT RESE R R, X AR
AR Mk A M 7B A T A 15 e e A

BE 2 A E SR R G (AIS) ) 2888, P2k T
K dE. ATS B il e 7 K& AN
BENME R, WAL B LA, ST (SOG) At i
7] (COG) P, I 2647 S5 AT LU 7R ¥ At 58 B 103 157 3% 30,
Syl B T A M E R B R A ATS
0 A B v A (4 L 7 QAR e R I3 s I LA

T AIS HUBSURHLH T VP 2 A LR e
i . AT FE R KRBT R 5 i — %
BT AL 31 1O R — SR VR 2 5T
U, 5 B L B > 0 B T A R
REIE, % 51 (02 R IOARAE . B VRIE 2 5T IO R R, %
Bt 0 VR B 25 51 0 S0 B 1 3 ST (1
50T A5 B RO ATS B e B 2 2B
AP A PR I 3 SR O, 220 T B e
HEE,

AT v R B, A SRR T TS B
R LSTM [ B0 4T 5% (036 1 MV TR R B 0. 1%
PRI T VR 5T, BRSO o 3% S i E
E RIS SRASHAE, 275 T MMM 3. A 00 AP 2
MTTER AN T

(1) B X AF— Z U ) ATS U328 B0 KA I )4,

B R A A0 K I D, AR 5
IR UK 13 B G ' )

(2) 47 H PR LSTM 54 2 8 1 P 25 i
A 6 5, T AP, U S HHE . I3k
AT A A

(3) £ LSTM H 3 Jmtd 2% F1 ik N\ Softmax 7 4.
R T 45 2 R B, PR BT B R R R R £
AR 100 25 . 550 4 S5 LG 10 36 5 L D9 A 0

W

1 AR IAR
AT, T ATS 9320 i ahs 130 47 3 A 4 b s 0
WISRRBOR % . BEFE B &84 I MR 2 2T IR RE,

288 F - HiARH i Software TechniquesAlgorithm

W AMHE IG5 2 B S AN J7 T T AR 2 e 2R
RIS,

BT WL 2 ) U A TR TS M R AE. K
P A TR VN 2 B 3EAT 4R I B2 o L 1) 1 R AR A 3
ANIF], Souza 5 N DL B BRI R 2, B2 T
—NUNHERN . BRI REZREY 3 B 1) 5. Huang
i NI fe FRRAE T A0 XGBoost BB g 7 —A
PURERL, TR0 7 R (. Gao APV AT
7o A Bt i e A S B %HI%WE@EH%$~§NE
AT I R Ml SRR ) B, Yt S W5 5 AL (R T
RO REE 5 ATS B st 17 & 96 R XGBoost
REAT V), 2 TR B v 5 % Guan 25 AU i
ATS HUIHRIR 60 AHFFAE, FIH LightGBM (light gradient
boosting machine) J LT HARAE MY 7325,

BT VR B A 2] MR AT DL B 35 2] PO RRAE,
Kroodsma 25 A" i il CNN ¥ 7000 % 4 v fils 53 %1
SR 6 RN RAY Iy Ee e NP DURR [E T 3 RS
[ Y 78 f I A R AE 06 R, J T i S A0 At 1) & o
TN BP e X 2% 4 H AR AR i A TR ) 4
K W vt . 37 S v NI K i ATS BRSO Bk
N F, R E E X H) CNN R 48 52 BRI 1 25 18] R
TEREAT AR MY 2 R TR, B2 H B0 525 6 ) I R 4 T
YRR B AR BT T RAE, BA RS R . Kim
s N R T B 1 O I Sl ik I
HOHEAE. (8 CNIN A6 B8 TR i T 28 455 B 08 47 3 9
RIS TR

2 A

AIS B, — 4% ATS Ui & i — A FP =
) m 20 . &R AR IR A Tra= (po,p1s-+ s Pis** > Pn)>
0<i<n, HAp; = lat;,lon;, t;, i), lat; Fllon AR ;I %1
PIAL B AR, fiARR I 2008 SIS B RFAE (i B
Fe] s AR,

W NS AT WA 7 ) N A 495 77 =XmT BA
YRR BRI Y SELR AR, B B v R T
3 DAt P R R O S . 4t T o o 2 LA IS 2 R R
JE K e 2] PR v o LA R 2 A R Kk
R S H [0 v AR 5 I R 00— R L, i) A2 A
/N, BT B, B DA L AT AN ],
FE— Ml 36 ¥ FL/ /N [ PR v AR 7 ) R A 2 1
T, Fitla) i Z0 AR 4k, S 38 4 B0 % At B R A5 IR

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20224 314 F 6

http://www.c-s-a.org.cn

i H AR SN A

I, e PR e et gy, P DL v ) B2 AR A
BORIF Hofe i AT LUK 2 14 g B/ B 1 BoR T

5N 27034 (HEM). 23457 (M) MR B .
FERL A AR AL .

350 F 14
24.0 + 300 F _ 12 ¢
N 250 + E 10 ¢
L 238 = S gl
: g0 2
3 236 f g 150 ¢ %6-
a 100 | g 4
234 50 L 2ot
1 1 1 1 1 1 0 1 1 1 1 1 O 1 1 1
118.3 118.4 118.5 118.6 118.7 118.8 0 20 40 60 80 0 20 4\ 60 80
Longitude L ik 2
-
(a) 27034 (Fa %) v fiFfi ik ] (b) 27034 (HE %)) 3 JE & \ (c) 27034 (Fa ) i1 54k ]
350 F L k3
2520 |
25.19 e £
L 2508 | = 230 1 <
E 2517 + 58200 ¢ ﬁ
3 2516 ¢ w 150 | €
2515 8 100 | 3
25.14 | s0 | &
25.13 |
L — L L L 0 L L L L L
119.20 119.25 119.30 119.35 119.40 0 20 40 60 80 100 80 100
Longitude B B
(d) 23457 (FEIP9) i (e) 23457 (I M) Jd £ & () 23457 (FEI ) it ) A2 AL P
K1 %5 27034 (HiM). 23457 (B ) A s A .l R A e As 10 I

FERTaAT
-~
(TR
~

g
P %k

P 2 S R M 2K TR R ) S A 2

3 OACEBE o b
A AT S BB, 0 2 R, SO B
R T AR @M SR T SR 5,
16 3.1 Wi T B 4; SO LSTM H 3h%ii
) 5 M S5 BRI, 2 STRLS I B AE L I S
AEFNRE A RRAE, FE0 1% Lo R 1IE 7] S 5y N\ Softmax 4728
ST, I ATE 3.2 IS, B@WA B
FH2 Hh S0 45 3 1 43 2K 80
3.1 FHERBEUGE
AIS RGEHAT SR RN, S 1770500 T2k (05
B — R ALS PSR T K. R,

BR il P32 Rt AT F2 8 0 M s N P ) e L ZE P 2
(Y 0 R R A ), X — )
ARSCHE AT B0 AR R AR ) ALS B HiE, 1R
U R PR32 B RS AL U0 AL 4 A DR R R
(37 B0 B 1 b B ki NI, TSRS B AR L
R GETHE B A R IE R 9. T VAR IR R A
T AU R R L BRI T B AR, T N A
T BB L RSO VA R R A PR R
Step 1. L% A HHs 8 b 3R I B2 o A7 153 L

SH R, Rl 2 E PR (D) ST

Software TechniquesAlgorithm #1f4 AR 5% 289

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20224F #5314 6

THRE R, Horh lon ARSI 2B S B2, ot lan X
Fer I ZNIE R L.
angle = arctan% (1)
Step 2. I3 (2) THEHARAT B IE E, RS
5 F7 B R vy, AT 1 200328 5 )5 5
a= it 2)
Li—1i
Step 3. WU BN B 1 58 B2 WAL BB KS
Step 4. F 1 2h & 3 [ B 3, il s — A
T RS s T SRR RS P AN R DL S il 1 252K,
FUE LA P AL i 3 FoR, B TREHEW =
10 min ¥ 21 & 1238 P 30 min P9 SRAR AU 1 7R

B, M T AR H, 8 1A E O prypa, peE A

B AR, BB 2 AN R BB A s, [ FFRE Hh 565
3AERRALER. ’

|
Step 5. 561 L1 P 47 HUIE A FTEE
FEFE. FE. CREE. MUFIAHIGEHHASAE, JF kit o

6 MG iH4F1E: mean, max, min, 75% quantile, 50%
quantile, 25% quantile.

Step 6. A& AT MIHFAE, IAEK (b, T, 5x6) MI4F
fEFP A, Horh b TR B H, T RN S R,
5% 688 5 MHER G THRERIH A

W=10 min
S=5 min | A
.I.

\ |

i
1

1 i

r s r

T 30 min

0 min 10 min 20 min
Svlin\ - 15 min 25 min
Lo TES mE e e

32 SRR

PEBURFE T 51 5, A SO 5T LSTM B Zwtd &
1 Softmax 73S &% 11 7 FB AL AT VAR b 2B 3.
SRR 4 s, B 4(a) R4 3.2.1 HHEAT T VR4
A4, FE ] 4(b) 256 3.2.2 T T VRANTA.

LSTM-encoder

[ )= )= ()= {3 p—
: : _A 1 ; E I { R loss :\\\
LSTM_C@ /_\ i 4 E Softmax ;25
| v v v b
N N b
/’j-\._ I 54-;
: 5 I - Ved HEF0 [
i v \ v P IR
E Y, Ys Y Y b
E t 1 2 8§ —F o
E X X X X, P
(a) LSTM H zhifis e (b) Softmax 735 2%
B4

3.2.1 LSTM H3zhémitas
H Zh g i 35 & — P E B 2% 2 U vk, Re A S K
17 B EE AR [ 8 K BE 7 2, R B8 4 TR AiE %

At BRI ERAE. AHEE T LSTM SR (112 3

290 #fHiARH % Software TechniquesAlgorithm

AEATI SRR AR, 7E A SO, FRATTAE H 2 2 KA e

(LSTM) 1125 [ £ 44 5 5 31 4 % % F5 K4 U328 1) RFA1E 17

B, FAHE S IAE . I AR R RS AL
LSTM & X £ 48 RNN i) — Al idt, &2 h 2

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 5 63

http://www.c-s-a.org.cn

i H AR SN A

Hochreiter 25 A7 76 1997 £ H, LSTM A #1040
Bl S fioR, EZRBNTT BB TR T ]
RASC, E AT R 1Y B 1012 48 B rp A4S S, F28
FEMs), 3 3)-2 (7) S T B SN R
IR, AR WRRHE, bR &, o Rm s AL

LSTM el 1+ 5 5 I SR AT S 170 A 498 A << 52 30 2k

AU BERRAE 1 ) /L. JF ELAE I i a4 4 07 T, SEE
TR % Rl it R U,

fi=a (Wyrlhi1,x1+by) (3)
ir = o (Wilhi1, %]+ by) “4)
C[zﬁ*ctfl'kl‘[*ét (5)
Or = o (W [h-1, %] + by) (6)
h; = O; xtanh (C;) 7
h,
ry
C. x + »C,
1
I i " 0 ,I<
[
tanh L
iy — 1,

X

K5 LSTM EARHITRER

AICHET LSTM H 34w 28t 2 E LSTM

Gifidas. 2 JR LSTM A5 #3410k, 2 J2 LSTM Zfdas

FHIPUBFEAE, S tH A (b, N), ForR, N R M e S
A (45, W] 4(a). ()R, SO R T 3907 TR 22 1F
LSTM H 34 i 8 03K BB 7228 (8) 4t T #4110
TR, HorhpEas LSTM fi#rS 884 i, x#% 7~ LSTM
G N B Y 0 B 3R HURREAE i B (b, T2 5 % 6).
Jiy = MSE(§) = EG - x)* (®)
3.2.2 Softmax 772548
Softmax 4% B4 R E 15 18 48 25N BGIEAT I 43, 157
EZE B AT 43 10, X — A0 2 A AT S 408, Al
I LSTM [ 34 5 75 5 [ 52 K B (9 B8 i & (B,
N) J&, A SR Softmax 4328 58 HEAT i A 1 b 2 780341
S, 4 A A O T 1, AR IR KR f vt . 0 )
WK 4(b).

Softmax #4773 SR FH 40 2% o HIUR 58 SO, Gn
X (9) FiR. y B FEARIRIZE A, piaRom T I A — A
e T
== 3 = Dilogpi+ (1=y)-log(1=y)]  (9)
N BELE N 4 2 S B RS L, A o SRR IA B
SO R T AN kR ek A, s (10) s,
W28 BEAT YIRS, A FH T R AT S 1) A% 45, A8 25 R R E 3k
eSS EE S )
J=l1+1 (10)
4 I R
S 7 RE $R A A R R T R, AE AR
TAE FL L RIBEE EVRAG THR B EE. 28 4.1 4145
H T SEIGEIR R IR, 25 4.2 A T seat gt B S HoAh
TRIE 5 S BRI LU o #T
4.1 LWHIBEMITEIER
A. LI E RS
A8 FH PR B0 H 4 2 2020 AR [ G137 K 3R R ER
WEPRER ) PRAEAER AR, FRATTHREL T e A4 [l I vt iy
3002 4 F1HE Mt 2 632 46— 3% 5634 i fit ATS
BB AT IR, R 1 SoR Ty ATS B 50 1 v
= K

B. {4547 L\

AR (1) 52 MR . e T 1C
F 4 ) 3 A T U LI P 5 5, T3 FEL I
T 550 T 7 0 0y 22308 0 i O 5000 5 51
VSRR, Iy 15 R DX S R T 0452 0 2

Ty + Ty

accuracy = x100% (11)

Tyapg + T + Frapg + Frpg
£ 1 AL AIS BB ER(S B

FRAR  FRERA ARG Hik
HARID INT 20008 Jit Ak 3
I 8] STRING 1027 11:53:16 H A w58
7P STRING 119.153 GCJ-02 Ak k7 %
i STRING 25.125 GCJ-02 AL ¥5 %
HE STRING 2.59 IR BL/ /NI
N ERi] STRING 216 B
AT STRING Y i ] LY

4.2 LWERRST
42.1 SIS R
TSI IV B o 58 W E 7200 s, 838

Software TechniquesAlgorithm X fFHi A 572 291

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20224F #5314 £ 61

KSUBEE N 7200 s, #1284 K2 X Rirk &N 0.001,
W Zxepoch X B 4 100. I FH¥E 3 T 1A BB REAE T 41
INGRo RAET. & 6 TR 1 UIZRI 5 2K B £ 5 I 2RIk
kR4, B 7 SR TSR IIRE B S IR
RARMZE.

1.0 -
—- Train_loss
0.8 --- Test_loss
» 0.6 F i
z i
= 04 +
02
0 I I I I I I
0 20 40 60 80 100
Epoch

6 INZRAIHR B0 LS IR B Ok 2 ith

=

09
> 08 F o}
g i
§ 0.7 :
< 06 | ,
| — Train_accuracy
05 1 ---Test_accuracy
0 20 40 60 80 100
Epoch

K7 IIZRAREBE S I ZR B % SR 45

ME 6 FE 7 7] DLE H, 4k AE] 100 7885
DA R 1457 2K R H0A B 5K 0.267 0, HER Z4 2 dx
TN 95.82%.

422 XfHeartr

N T 2D UL R SR A R, AR SEAEAR AT

() S BR A5E  A8 i 30 AR R EKREAE T A1l ik T
LSTM. CNN Fil BP #1200 2% [ 43 M85 2 5] i B
90,001, YIZRAHBEE N 100 1K, S5 HE 2 Fios.

F 2 AFRER G RN (%)

FE LSTM BP CNN ACHIE

accuracy 94.9 91.7 93.7 95.82

M 2 & AT LB ), 8 30 B 3R R AR
) B AE M N, ] LSTM. BP. CNN FIASCHEH
FL VO AR R 2R, IS T 90% LA IRl 2%,
TIE BF R P8 30 2 10 0 A B 20008 - S B R AR A1 A2 A K
(7. 7 B AR ST SR AE B A b o 20 0 B A AR I B 3
H o BB T S, 5 LSTM BEAUAH L, LSTM H

292 A HiARH % Software TechniquesAlgorithm

B i i # 1) AE IR 22 T AL, 1 B B B0 g B 28 75 v A TR0
Hh A L REAIE IS e 2 2] BB B RRAE, 3 B0 AR )
RS UE T R T . RN LSTM 2 2R B B Uk fff R & T
BP FI 22 0 2% FI1 CNN 43 A A 158 B 27 ) 0328 1) I SR
TIE f 25 L

5 diwH5EE

1 150 g U P R 1 P 288, S B G A ok
AT AR KR, 2 SO T 0 .
HIE AE PR (e oTihi 1 NE I G o (/a7 W S < TSR (N
77 2B Z 10 A AR M BRI A SO AR T R T
B P LSTM [ 245t 5 1) i 5 1 M K 200 01 5
ok T A 1 17 38, 3 L A BT T
K EL. S2BFE, $ HH I S0 R — A5 A ST B 45
R U A1 E 1 7o R HE, VT SR T 0, A PR A SR 4
VIR AT SR, TP T B R OO R I S 4 . A SC Y
KPR ATS BUIEHEAT T 40 HWF 50, J5 4L LUK
2 (AT ATS BUISHEAT 43 R 5T, B B 11 S P 4

S 30k

1 A Al b BUE BER) . 2020 44 [H b £ 5 Gt
Atk EKFE, 2021, (8): 11-12.

2 Omar JA, Abdirahman MA, Bambale SA. Impacts of Illegal,
Unreported and Unregulated (IUU) ﬁshlng on developing
countries: The case of Somalia. A31an Research Journal of
Arts & Social Silences, 2019, 9(4): 1-15.

3 Petrossian GA. Préventing illegal, unreported and
unregulated (IUU) fishing: A situational approach. Biological
Coﬁservation, 2015, 189: 39-48. [doi: 10.1016/j.biocon.2014.
09.005]

4 Zhao Z, Ji KF, Xing XW, et al. Ship surveillance by
integration of space-borne SAR and AIS-further research.
Journal of Navigation, 2014, 67(2): 295-309. [doi: 10.1017/
S0373463313000702]

5 XN, MIF R, HAP AR, % 5T KNN (KA o 285
v KRR, 2018, 44(3): 15-21.

6 Gerritsen H, Lordan C. Integrating vessel monitoring systems
(VMS) data with daily catch data from logbooks to explore
the spatial distribution of catch and effort at high resolution.
ICES Journal of Marine Science, 2011, 68(1): 245-252. [doi:
10.1093/icesjms/fsq137]

7 Souza EN, Boerder K, Matwin S, et al. Improving fishing
pattern detection from satellite AIS using data mining and
machine learning. PLoS One, 2016, 11(7): e0158248. [doi:

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1016/j.biocon.2014.09.005
http://dx.doi.org/10.1016/j.biocon.2014.09.005
http://dx.doi.org/10.1017/S0373463313000702
http://dx.doi.org/10.1017/S0373463313000702
http://dx.doi.org/10.1093/icesjms/fsq137
http://dx.doi.org/10.1016/j.biocon.2014.09.005
http://dx.doi.org/10.1016/j.biocon.2014.09.005
http://dx.doi.org/10.1017/S0373463313000702
http://dx.doi.org/10.1017/S0373463313000702
http://dx.doi.org/10.1093/icesjms/fsq137
http://www.c-s-a.org.cn

20224F #5314 5 63

http://www.c-s-a.org.cn

i H AR SN A

10.1371/journal.pone.0158248]

8 Huang HG, Hong F, Liu J, ef al. FVID: Fishing vessel type
identification based on VMS trajectories. Journal of Ocean
University of China, 2019, 18(2): 403—412. [doi: 10.1007/s1
1802-019-3717-9]

9 Gao BT, Wang L, Zhai ZG. Identification algorithm of
fishing vessel operation type based on feature fusion. IEEE
International Conference on Artificial Intelligence and
Information Systems. Dalian: IEEE, 2020. 230-234.

10 Guan YN, Zhang J, Zhang X, et al. Identification of fishing
vessel types and analysis of seasonal activities in the northern
South China Sea based on AIS data: A case study of 2018.
Remote Sensing, 2021, 13(10): 1952. [doi: 10.3390/
rs13101952]

11 Kroodsma DA, Mayorga J, Hochberg T, et al. Tracking the
global footprint of fisheries. Science, 2018, 359(6378):
904-908. [doi: 10.1126/science.aa05646]

12 FRIGEL, B, TRMETE, 45, SETHhZ AT VMS Fti i 15
KTV BT KR, 2016, 12(2): 81-87. [doi: 10.3969/
j.issn.2095-0780.2016.?)2.012]

13 Ao, SRR, B0, 55, JE TR > B0 9 5 4 1 1
b 2 R IR ST L, 2020, 42(2): 233-244. [doi:
10.3969/j.issn.1004-2490.2020.02.011]

14 Kim KL, Lee KM. Convolutional neural network-based gear
type identification from automatic identification system
trajectory data. Applied Sciences, 2020, 10(11): 4010. [doi:
10.3390/app10114010]

15 ARV, BRI, EEERY, S5 T 1A A B DX 3R 0 F
ff s B B S U5 2. THSEHLM L, 2019, 39(1): 113-117.
[doi: 10.11772/j.issn.1001-9081.2018071625]

16 Belhassena A, Wang HZ. Trajectory big data processing
based on frequent activity. Tsinghua Science and
Technology, 2019, 24(3): 317-332. [dei: 10.26599/TST.2018.
9010087] '

17 Hochreiter S, Schmidhuber J. VII;ong short-term memory.
Neural Comphtation, 1997, 9(8): 1735-1780. [doi: 10.1162/
1nec0.1997.9.8.1735]

18 Sutskever I, Vinyals O, Le QV. Sequence to sequence
learning with neural networks. Proceedings of the 27th
International Conference on Neural Information Processing
Systems. Cambridge: MIT Press, 2014. 3104-3112.

19 Dai AM, Le QV. Semi-supervised sequence learning.
Proceedings of the 28th International Conference on Neural
Information Processing Systems. Cambridge: MIT Press,
2015. 3079-3087.

Software TechniquesAlgorithm X fFH AR 5% 293

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1371/journal.pone.0158248
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.1126/science.aao5646
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.02.011
http://dx.doi.org/10.3390/app10114010
http://dx.doi.org/10.11772/j.issn.1001-9081.2018071625
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.1371/journal.pone.0158248
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.1126/science.aao5646
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.02.011
http://dx.doi.org/10.3390/app10114010
http://dx.doi.org/10.11772/j.issn.1001-9081.2018071625
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.1371/journal.pone.0158248
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.1126/science.aao5646
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.02.011
http://dx.doi.org/10.1371/journal.pone.0158248
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.1007/s11802-019-3717-9
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.3390/rs13101952
http://dx.doi.org/10.1126/science.aao5646
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.2095-0780.2016.02.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.02.011
http://dx.doi.org/10.3390/app10114010
http://dx.doi.org/10.11772/j.issn.1001-9081.2018071625
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.3390/app10114010
http://dx.doi.org/10.11772/j.issn.1001-9081.2018071625
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.26599/TST.2018.9010087
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://dx.doi.org/10.1162/neco.1997.9.8.1735
http://www.c-s-a.org.cn

	1 相关工作
	2 相关概念
	3 本文算法
	3.1 特征提取方法
	3.2 分类模型
	3.2.1 LSTM自动编码器
	3.2.2 Softmax分类器


	4 实验结果与分析
	4.1 实验数据集和评估指标
	A. 实验数据集
	B. 评估指标

	4.2 实验结果及分析
	4.2.1 实验结果
	4.2.2 对比分析


	5 结论与展望

