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Abstract

Abstract

Research on Ocean Temperature Data Completion and

Prediction Method Based on Deep Learning

Ocean temperature is very important in marine hydrological factors, and is a key
factor affecting climate change. It has a significant impact on the speed of sound, the
propagation of sound waves, and the propagation distance of sonar equipment, and
indirectly affects the connectivity of underwater acoustic network. Therefore, it is of
great significance for the development of underwater acoustic engineering, especially
for the connectivity of underwater acoustic networks, to deeply excavate and accurately
predict the temporal and spatial distribution of ocean temperature and its change rules,
which will help to estimate the speed of sound and the propagation distance of sound
waves at different depths in the ocean, and analyze the propagation path.

However, the existing ocean observation data have the problems of incomplete
data representation and incomplete temporal feature representation, which brings
challenges to the study of the regularity of ocean temperature. The traditional data
completion and temperature prediction models mainly include numerical models and
statistics-based models. They are often simple in structure and cannot better capture the
nonlinear characteristics of data. The effect of the emerging deep learning models often
depends on the selection of super parameters, and it is difficult to obtain the ideal
accuracy. This paper focuses on the deep learning model, fully mining and learning the
spatial and temporal characteristics and distribution rules of ocean temperature,
extracting spatial features for missing data completion, and extracting temporal features
for time series prediction.

From the perspective of incomplete data representation, aiming at the problem that
some longitude and latitude temperature data are missing in the ocean Argo data set,
this paper combines the Bi-Directional Long Short-Term Memory layer with the GRU

(Gated Recurrent Unit) layer, on the basis that the double-layer GRU model can well
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Abstract

capture the spatial trend of ocean temperature, and synthesizes the ability of BILSTM
to learn the spatial correlation of ocean temperature, this paper proposes a method to
complete missing temperature data based on multi-layer BILSTM-GRU model,
constructs the GRU-BILSTM-GRU model, selects the optimal neurons, and obtains the
ideal regression effect. Its accuracy is better than the baseline model LSTM, BiLSTM
and GRU. However, the selection of hyperparameters often has a great impact on the
accuracy. The existing models often use the strategy of manual selection of
hyperparameters, which greatly wastes time and cost. Therefore, this paper proposes an
automatic optimization method based on Bayesian optimization (BO) for super
parameters, which optimizes multi-layer BILSTM-GRU, LSTM, BiLSTM and GRU,
and constructs BO-BiLSTM-GRU, BO-LSTM, BO-BiLSTM and BO-GRU models
respectively, saving the cost of selecting super parameters and improving the accuracy
of the model. The experiment shows that the optimized model has a higher accuracy
improvement than the optimized model, and the BO-BiLSTM-GRU model proposed in
this paper is superior to BO-LSTM, BO-BiLSTM, BO-GRU, ConvLSTM, ConvGRU
and M-ConvLSTM.

On the basis of complete data representation, starting from the incomplete
representation of time series characteristics, the regular characteristics of ocean
temperature in time distribution are extracted and analyzed. This paper proposes a
temperature prediction method based on the construction of time series characteristics
and one-dimensional convolution neural network (1D-CNN). First, the continuous time
series of ocean temperature is constructed, and the time series characteristic coefficients
are selected on eight different depth samples. Then, 1D-CNN is used to decompose and
extract temporal features, and predict the temperature. Finally, the prediction accuracy
is compared with the baseline model. The experiment shows that 1D-CNN is better than
the model BiLSTM, LSTM, GRU, BP and KNN in 8 different depth sample data,
including 6 depth samples. However, a single 1D-CNN model often only has a good
learning and prediction effect in some aspects. Therefore, this paper combines 1D-CNN
with the integrated learning Adaboost model and proposes a 1 D-CNN-Adaboost model.

This method trains 1D-CNN as a weak learner, and finally forms a strong learner
v



Abstract

through multiple weak learners, making the model perform well in the overall effect,
improving the learning ability and prediction effect of 1D-CNN. The experiment shows
that the 1D-CNN-Adaboost model is superior to the 1D-CNN model in eight sample
depths, which verifies that the Adaboost model is effective in improving the prediction

accuracy of the 1D-CNN model.

Key words:
Ocean temperature, Multi-layer BILSTM-GRU, Bayesian optimization, I D-CNN,
Adaboost



B %

B L B oottt 1
11 AFFTE B ST Moo 1
1.2 B PIAMIFFEIIR oo 3

121 BRIREIEEN A oo 3
1.2.2 HEPEIRETTI cooeeeeeeeeee e 4
1.3 EEBFFTRABE L BETTZHE oo 6

52 5 OWEEEEANES TSI s 9

I W N oy OO OUS 9
211 AR BIEAN A oo 9
2.1.2 2T ARIMA FIBHERM S oo, 10
2.1.3 FET SVR HIBHEHNAS oo, 11

2.2 HEPEIR FETTI JTI5 e 13
2.2.1 FTF KNN IR TR oo, 13
222 FT BP MA M I FE T .cooo, 14
2.2.3 BT PEIAPRZE AL BRI P TI .o 16

2231 PEHMEMILE TSN e, 16
2232 KERICIZMAEMZETEEEN D e, 18
2.2.3.3 WA 1IEIZ AR I 28 IR 2 e, 19
22.3.4 PRI THICAHZ M R IR, 19
2.3 BRI oo 21
N N OO 21

I



ERS

%3 % T BO-BILSTM-GRU B IR FEHAR AN A e, 22
RIS i < Nt U 22
3.2 WRFFREAREEUSGTHALFE oo 22
3.3 22 BILSTM-GRU BEBIRE ..o, 24

331 ARTUJEFE et 24
332 TEIIRIE oo 26
RPN EEE (G vive = SRR 26
334 TIRAE R oo 27
3.4 BO-BiLSTM-GRU FEIIRZE ..o 28
340 IR BRI oo 28
342 FBEUETE oo 31
343 SEIGZETR oo 32
3.5 SEITELIL oot 35
R IO N OO 37

% 4 5 FT 1D-CNN-Adaboost 1581 FRIHFEIR LT ..o 38
4.1 FERL AR oo 38
4.2 WA HVEFAE GREATEIL oo 38

e W 1 27 OO 38
422 WA FEAREASTEEL ..o 39
4.3 FETH PSS 1D-CNN FHE BT o, 40
4.3.1 ID-CNN FHIFIIL oo 40
4.3.2 TFTE) IR TTIE e, 42



ERS

NI vict ST 43

B34 SEIGAET oo 44

4.4 3T 1D-CNN-Adaboost A5 28 IR BE TR AL .o 45
4.4.1 1D-CNN-Adaboost BERIFHIRIIR ..o, 45

4411 BERE S JETEAN A oo, 45

4.4.1.2 1D-CNN-Adaboost IR ....oovvverrccnee, 47

442 BBBHE oot 47

443 SZIGEETL e 48

I N NP 50
BESE EE GBI e 51
5.1 B G oo 51
5.2 TAERBER oo 52

B TR oottt 53
VEF T S AT BRTE BT S IRV BR o, 58
L OO 59

1II



F1F it

BT &k

L1 BABRERX

FEFRATI L EF IR, R 70.8%, EIRE, HFEEENL 473 7°F
FTK, WREZEE. Bua. ACRHEU R EFIEEATBEMIER. S
MR A E B EAEE, JRHIX 22 E T RENR T 40%M N H, [5] HAT AEEF f
IKER BRI AIE I R 5, R EANE T REMSHFNE, RERETSHE5F
ek WEE S EFE M B, A, R AL S By aEN,
[RIIT, et R R 2 A R AR BRI ). BRIk, IRV, JFRIEVE, BT
VO R T 5% [ 3 A R R 28 U I R R s A A

PRI B REAG R B B 1R1 AN 23 B) 22 S P, SO 140 B2 2% % J S M R = el S
Ak, AFLERRBRII AR e v, HAIRTRRIE . (EIEAETh, R 2k
HEZEMBE, WEE, ERIERE. A E R R Sa BEwmbl, i)
I P B RS (AR AL, MR R DLTE SR BT MR AR R (<100m) L iRERE
(100~600m) FIRHFZRIE (>600m) W, P H7ER ZHERFE I KImiE K, 76
TR 2 B R T P38 DT S ek, 7 S50 U 22 v B R P ST 4 K, B TR AR
W, AR KA, R E, WRESRKERZ AL, 2
SRR AR, SRR ERNE, MR IX, I K
7o R 2% (R e v DL RS VR AR, DRI, VAl FBE (R o 00 F 7 75 19X 286 1) i el
DK BREAA U i P2 R B A AR R B B, 6 7K P I 4% RO RIE 70 B B B R L

RT3 P FROARS TR T A A 52 PR T8O B 2 i P S < 1998 48,
FH ) — LR AR HEH Argo RERUGVELIITHRI, 15 754 224 BRYE FE P v L U
P4, AT Fe i B8 DR o DR e AC £ A Rt Py ik B Sl T 45 200 oA, Mg
Argo ¥ O BN RS TR DL S PR I 25 23 A B PR IT 9 1 32 0 SRR
&, Argo FEAREIFE T IR S A, TR AR CE B AR T e %« A% IR i b
SR , I A R R I R A T, R B AR E B2 T TR I R R
BELFESUR T g S W, )Xo MR 14 5 8 0 BT AR PRI T A R
MY, PRIk, SRR S R 1 A 7 DL R v FURS R R AR AR AR R ]
R, [ A Y B 2 A PR 2R 1 S



F1F it

H AT, S RE AN TR e #h 4, X805 2 E R N =
2K, o EE T TR G L A R SR L I SR T V% e T 1] SR R 42 T
IR T AN I AR R SRR AR DL, TR BT % 5T, Bl SRR AR
AR BEYERR G DL, I 18] SRR D IF ANIE T 5 I 2 SRS M - g 4 S5 Y et
SHYE, AR E AR, BlEESARE R, SRR ER 2 i
TASCHT TR 2 [ B B BOR, ASCR B s WA TR SRS A = VI, AT 125 )
I SRS T B AL S KA AR, s TR AR, AR R Al PR TR SR 2 SRR
Pt A 24 A R AR IR AE M AT SR A A AR = SR A 8 5 A
TR IS 5 SRR R L 1) 2 ST BE 7, ST ] P D) 2% 235 g PR R 32 2 ST SR i LA
FHUFHRE L, (RN HkE 2 B AU AR ARG FEAT E RO, B (1 S A0 £
JHEVN LIEFRPIRAL RN, IR % 7 KR B ATB . Bk, AR SCNIRIE
FABRBYIN, WALt — B, R, JNEmat RO i 24
Rt T Rk,

TR VI PP R AT TE A MR 22 B S AN OB TE N 22—, il IR R AN
TFRIRF YL, R TIPS 2% 23 AR 2 A A7 B 2 3G, ek
TR R DL T A S o SR R IR I P B 4 T TR E A v
TR 7Bk 1R 2 R A Tl IR BT, Xy ik 3 ERRI 7
&, M, IO TR EEE ST EME Tk, X TR R R 2 0
2 o T R S A HE B ARG AR L L R A A A AT U0 65, IR SRR P T
1117 HLIRF AL B AR LA RF AL AR ME P — AR UE 1 B R R, TR e At AT TAE A e A
PASEAE LS ROR o 53— AR T BRI I ik, Bl Tl i 22 2% 2 TR
ML R IE, X RITIRAE A IR AR AL M A Ry T RO HEAE
SR B — IR P 2 SRR AR A AR S 5 1 22 ) ROR BT 436 4% 5 T ¥ BT B4R
RORIRAE o DRIE, A SCONEICHR SRS AR P 57 S 5 I UIN s R L PRI 1) 23 Ar
FAEBEATHRE,  IFRHREE S S AR R LAt — P s AR

PHERA T AR 2 A7 B TR T A MM Y RA B K RS IR 2% B RIE 78, AR SC I AE A
FHIFIE Argo B SR 1A 17 SRS SO BEAT R R AW 7, IR 22 2] 4%
TR B R SR A AT D 4, RIS e i S8 P[] P B BEAT v s P A 0000



F1F it

1.2 E AN IR

1.2.1 BR¥IEAN 2

HCHRE BRI A 2 e AR e UL 50 A 2 75 SR R s AN [ 32 70 g =i
it 7 e R TR o 1 N 151 B o 1 N R g 8

IS [0 e SRS 2 AR T IS T8 S0 Kt AR S50 11 P T R ALE R A T 8RR 2
o Horb, SETTERBT N AT S B E R, OIEEMEE . P! =
RGP A REEA (ARIMA) M52 5 5 [R50 3 T
M (SARIMA ) U2LREIS (8] 5 81l b 4 1] U A Dy I T P 1) F500 i 2, SR T X A A7
IR T BRRAGRTIAE 2, FFRFBRERREERIEE . L ER TS
JTiE e R H 5 T, EAREME G e R . HLES S ) ik A dE Ab 4 rh B A
J7%Z, Phan S8 AFIFHEET B@NMAFERIZDS A (DTW) 5E AT
FEo, JEREER — AN 51 TSR e e S AR R (8] e 81 SRR AR 4 AR
ZJz LSTM-GRU HX & 1 AL b A i 18] 5 SRS SR RAE,  FFXHZAR AT 1 it
R kS KR 1 T e I 18] e 87 1 1] 000 5 e P I 8] 3 81 e g 300000, -4 T B 45 5 »
HAG 7 BLAR ) RICRI,

225 (ALK 2 S 2 BT A A1 4, AR 308l 1) 2 TRDRF AL R A Tk SR K
Gl LI WP EIE ST AR (o sl LI KA R p U A €1 ERS OISR TS/ e o 1 L ) SJ
EOINAUEE T B Al B OS5 . SR I LA AL 7 O R IR M A 2 )
AT, RSASFRIN B B A A e DURAS BAR B ROR, BRI, — RIS 2% > S
BT laab 4. 5KREE M SVR AR i A% o dls rh s R B i AT il it
FFH FH P38 20 B U 2 Bk AT e ™). Chen &5 AR 1 — ik T 1 s 22K
AEEGAE (NCGP) B R E R MG TH AR AL T WSN Sk L e B, A1
38 A% G AR A2 1 [F) — SR P s 2 Ia B R R T B A5 AN JE R A ANF]
R B AT I R 70 SR 8 FH 5k - XA 15 R e B e DL 2 B ) B ML AR A
PR TEAT WA TS A vt 0 RS, AT D PR it B [RIIN D o g oI iR
FERAE AT E SRR gL, 2270 B et SRS S MAM 2 455, N 2
Haaharh, RIDGME TREARRIANPAE [ REUS .l T IR R 2, Bk
e A PO S X S B KBRS IG DAL, Alamoodi S5 A2 H T —FhK

3



F1F it

ERRAGANETTE, I A I TAC B i, R e SR oIS /N oy, AR
Jei A5 Y 22 AR HE S R 0 M AR AR B B AR ) — A 0 e, R A
[l BRI BLAS 72 ST BORBEAT AN [F) 71 70 BE RN T 5 2R A o R A A7 D Ry e e 2k Kl
£, BT T BRI,

I 2 D 4 SRR I TR A 22 (8] (5 B SR 5 5 08, ARYE I 2R Al SR A T SR R Kl
EENERGH I I R [, R — R T AR A i 2 AL 52 2] (MC-
MVL) J5VERIA TSV b S I dhs h B R AR, $m 1 R (i eh e 000 655N
S — PR R SRR B B A e T ik, MU EVER M Z% (GAT) Bha53RHE
PR B I R R S, SeBL T RIS B AROCR &, 1 1AM R e
PR,

ISP T e SRS L3 P T BN LN AR I T 4 2 ) B8l s S 1), T2 A
iS4 €7 R e hcul LTI w2317\ SO T TP | o2 5 - 7 1 L1 = 45
RIS Bl AR K 3 BUR R YIZRIE T2 4% o 22 18]+ 2 SRS BE 3 H 2 1|) LA
AFAEBLRGR AR ) 1), B AORIE TR IR L 2 2] T3 AR 2 1A b 4 ) HLAT S 4
I E e FAT H— W28 5 H IR L 2 S 5 A B IF AN, I HHRS EAE AR AR
THBSHRBOE . SR, BA NAEER M Fahig S5, IR T AW
TIRAS o DRI AR SR P 57 3T 19X 288 45 ) S SOl S ROE T T IR N FREAT R AL

1.2.2 HgvEIE B P

PR P2 TN 1) REURT AR IR g m] Y 1o o A B8 (el A 5 92 e vk (el A
HEA L W BE . logistic [IVAMSZFEFFIFEANL (SVR) [HJH. Menon &8 A £ T
LMk R (MLR) TR B2, Gou &5 AT KNI [a] YA S5035 FUN0 o 3 J88 A 56
FEP1, Jiang 4 AFIH SVR ZEAT w70 B R IR A s FERE R 0 #r, {IEW] T RBF #
PR HOE H T R 2R e s Y. 85, Quan S5 AR SVR HEAT i, A IEHL 5
RGAKRIMAEZE, Fet T — Rt F SR sl (MGASVR) SR HUIN /K IR

[25]

o

(EIX SR G [ H VA S T 5, ARG RE A IR, AEEm RS AT
A o AR, AR X 28 R 2 ST 38 T RSN N 1) 81 T 1) 3 5 i L
PHZE P 2% ZLAHE N TR L (ANND |\ SRR L (CNN) ik IH 1 2 0

4



i
e
5
&

7% (RNN) .

NTAHEMZE (ANN) BFERTHAHZ M2 (FFNND) #1 BP #1425 . Wei 55
NBEFH N T M5B CANND FRN i B0 Graf 45 AR B9 /N AR e
(WT) 5 ANTHEMLE (ANN) MHEES, JRR LN T/KIRTINET, Ting 4 A
K] BP M2 R 48 TR 281, 3ET, Xu 25 AXF BP #1224 3k47 7 okt K 3h
AFIFRAS T J7VE 45 G ok LAY L FE Y, Zha 55 A A5 AN TR RRCAS P R4 4 22 Y
2% (FFNN) SRIIIT A AKHRC.  f7 88 N Tk 22 0 45 2 EL LS Bl ) A 28 D 5%
A B AR RAF AR DR

BRI LS (CNND FEM VIR LT Pt A — 2N . Zoo 5 ANFRH T 52
A () AN R) DO G AR (SST-4D-CNND , AR 78 432 1& 1 Bsf 1] 3 51 A
PRSI OR R RHE, &% 7 TR EEBY, SR, CNN 4 iz B H T BlIG AL
SEFT GRS S A0, AR T L A A

HIFRHZ ML (RNND FEHRFERE N R 5oz, 9 BREETRIIRN,
—RIVERERNIET A, H, KECIZME ML (LSTMD # Z N
IS [ 57 T « Zhang 45 A A FH A 012 o0 22 X 28 (LS TMD T T i £ (SS T
(320 Liu 88 A$RH T —FpE T B [0 1) LSTM(TD-LSTMD K Tl s 1 I f 1231,
MNP T LA 107k, 770 LSTM 55T pe S ivf S Tt 2 B
PME, DA A A DR, PR 1 PUIRS R, Stephen {3 A a8t A% S0V
(GA) AL LSTM, #RJ5 R H] GALSTM Tl /K .

LSTM fER i i = A 7 — e Aefik, JFER T RIGFAIBER, 4l BILSTM
Al GRU. Jiang & AF2H T —HMwli] LSTM (BiLSTM) HE 22 T A0 43 by v
T EAEREE. Jiang 25 AT AR R ORAF B 5L (EGA) Rim BILSTM KT
MRSEZ, 4 EGA-BILSTM RITGIMIGRZPT. Xie 55 N2 H 1% T SST 4wmfid i
TG (GRU) ZRfRidas Msharh i 5% (DIL) , PAKHEESRIBIA R
] GRU #wfitids (GED) , AT I B2 B8 . B4R 1 25 T I8 /e 43 i A
GRU(SGRU) FJ¥EF il B TR AY , $2 e 1 RS FUIRS 2, FeAIK 1 B b iR 2200,

— R G SRR SKENHCIZ (LSTM) #Z R4 &k, LR &
DFERE . Yang & K58 %822 LSTM (CF-LSTM) 5ERUZMSE &, FF4RH
TG E ) CFCC-LSTM AN, B85 A$RH T —Fh 2k i) =15 B IR



F1F it

JE2E SR, AL B RUE S LSTM B4 S RAEF K 1012 (ConvLSTM)
W2, I Ll B 1077 AT ISR AR T DU B IR 2 (R B 2 AR DG PR 5k 4
NEERME WA R M2 R Fk g &k, 2t T ConvGRU H Tiff
FIRETNNY . Zhang 5 N ¥ 2 2 CNN I LSTM #&, &1 T —FZ ZHEHK
FAHZ (M-convLSTM) AR RY UM = 2k i i 21491,

TECH BT, SR— IR FE 5 o VA A A e DU BEAR R T A8, AR e
MR FEE 27 ST TTVESE U AR FEN T, a3k — 0 o Wi 2 TS B AT A

1.3 EEFRATRETLHE

B RALA e 2%
BO-BiLSTM-GRU
o~}
) = D
— || 8| = % - E—
Tt
22 1A 2 UIRE RS B H A
%

B PR AE R AE AN 56 £
1D-CNN-Adaboost

@)=

> b > —>

I
i

NP dE AR MR Er

& 1.1 MFREERHESR
AR S TR I B 1 B T AE AR 58 £ A e 4 AE R AEAS 578 45 A 0]
2 TR RIS TR] B 20 AT BN T2 o FE S A0 AT IR T 7T, E S50 N A Xt

6



F1F it

Argo U ERRIREBEAT RN, AEIS (B S A AR R A 5 b, ORI I IR AT
FREREATN . B 1.1 Fios, 3B—805r, BRI Argo JSUAKIR AT
TRALEE,  BUXHERSRAE AN R A AT AIBR AL B, SR JEHEH T £ )2 BILSTM-GRU #
A, (R A DL SRt il 2 Bk AT R AR, M3 T 2R T BO-BILSTM-GRU #
MR BE R AN 20T VR . B ROy, SRR TR TN FRRHER A 1D-
CNN 3 B TR A, 2% 77 VS0 S 0 Ak P 4o T P2 B 2500 23 A7 BT 1 /7
FUR A, A5 0T P REAE A (AR FE R H 1D-CNN BEAT B 7 0 . P
Adaboost BAYX} 1D-CNN BEATHERL, &1 15T 1D-CNN-Adaboost £ 8 {If 7
T T AR A
AW TN

BT k. IR TIFEREE T BOEEE R A DR S )
TR, TAREIE RS T A (R SRSB4 7525 DA B I I B T 7 v 1) [T A 1
WEARBUIR, R T AT A BARRIRF RN 28, FEALGUH A ST R 254

SRR MR SR AN A RO TR SRR AN TV AR T =
ol FH R0 5000 4 7 VRN ) 3 4 F00 77 92, 04 #4273k 23 Sl Adi (B - ARIMA
PAJe SVR, B [E]FE Z T 5 1250 5 KNN B9, BP A4, FEIA AL /4%
JFARFEAY

=% FT BO-BILSTM-GRU AL I 2 4h 077 Bxf H AT E
Argo WL ESHE Hh A7 A8 1 i e 20 2 P U P M R B S AL ), AR =
B B AN 4 10 R IR 9 2 o Bl A B, KSR SR T R L S T AR A A el
AT AR, RN AR, ST, A, IR S,
¥ GRU 25 BILSTM EAMH% &, #1722 BILSTM-GRU A, RGN H T
DU ST SR AR DR AL, R DU 357 Sk ik B REE 240, 4 1 [l A TOIRS %
R4, o S IE, AR F T2 H Y £ /2 BILSTM-GRU BRUR T FE 518 LSTM,
BiLSTM #1 GRU, [F}, Zeid DUrtd 553k iU 2405 1) BO-BILSTM-GRU #%
AR+ BO-LSTM. BO-BiLSTM. BO-GRU. ConvLSTM. ConvGRU Fl M-
ConvLSTM.

HPYF: F2T 1D-CNN-Adaboost A58 [1)IEEAE I PP BE RN . 5 S 20 1 i
7] /7415 1D-CNN [f3EAER i, RN FIFH BOA_Argo HUREME T AR RIKE K



%1% %t

VR 2 I 18] PP F B, 3 T B T I AR A AT 1D-CNIN T 2 TR Y
AR SEIGAE R, ZA R TR KNN. BP. LSTM. GRU Fl BiLSTM. %4
JENE T BB SIAORER, FERI AR 2 T Adaboost 7%} 1D-CNN i
T4k, SEEGUFEH, 1D-CNN-Adaboost B T 1D-CNN, 2T+ 7 FIRE .

BT BSR4 Tk DRI O ik gk
ITT G, MRS T ASCIIA0E s, [RIRHER A S AR TAE BT R B



% 2% EBFBAANS BN XIE L

%2 B BRERAEEMANAERERL
2.1 BREREARHNETTIR

VPR R R A SR BTG =2, A3 IS R SR 7 ) SR DL K N
SN, HITE T EAAEPIE, IRl e T BB A 0 DL T HR KA, R
BUA A OFEE(E . 20 BE B3 T E BIESA (ARIMA) , #0dE IKE) i1
A5 KITAR (KNN) .« SCHFFREANL (SVRD  FENLARMEE

2.1.1 ETHEEREEE

W 77 R M, — R TR AU B, . =
BEACHR 00, — SR T2 RARABS LI, A0 BB MU (0, 34 8 4 1)
e,

S5 A R 2 AR S U A3 (BT 92, BS54 D 2 ) e B B AT )
b B B 1 R AT 2 AR OGP E RTAR AL o B MR RO AN AR R B
Qa0 A P BN D D N NP S o r Sy T E . NP ST B Y
S B B AR SRARAB Al TR A 3

N
Z;d“
= I —— (2.1
24"
Horbr Z 4 un A Ab 2 S THE, S REE, N A AREEE, n

T BB ) R AL

b HL g (B A ik 2 0 DX P A A s RTINS, Uk oy 2 18] Jey 7 4
{H, HESRZ A P S RN E A6, B EAR R IR A %2 . 7 B i
ABL A A Jo T g 80 Y o 8 22 1] P ) A B A3 S R RN AR5 b4 15 i EAT e DR A
LM Te B i, e AR IR IRZE T RE B fe /N, o i 2 I 22 IO 250 4
BN 0. 50 B EXT S AE A A TR A 24 21

Z(xo)zznli,Z(xi) ----------------------------- (2.2)
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Horb 2 R e 28, MRAEIHTC . T7 2 S/ MR SR A AT A4S 2207 R4 -

Zn:),,C(xi,xj)+y:C(xo,xj)(j:1,2 ........ n)
S e (2.3)

n

A =1

i
i=1

JOrp p NBIRE IR R C (X, ) R JELRAE X, o 3 AAE T o SRR 7 ) 2 5
PREUME, n NREAHE

0 B S A 5 2 ) e b 4 VA R B LA e AN 23 A7, SR T R
(e Al A S L S A 220 HAT AN LU, A 0 g B 4 22 e i (B VA AEAE T
RS HEAERCR .

2.1.2 ETF ARIMA [FIEERN &

I [ 4 52 PR V3 et o K ) 8 mT DA S5 g I [ e 270 ol ) et o 2270 5 1%
s 15 H ] AR ( Autoregressive Integrated Moving Average model, ARIMA)
FEFE TN [A] SRS AR b 2 i VR 2 — o B B RS, e —
A2 MU K 25 Bk B =T 1, FLREAC TR B B IS 1R) AR R AP R 21 e Ak
MR

Ve =CHapy  + o+ Y+ BE e+ b T E e (2.4)

Hopry ARZEDPH, RG220 5 H 5 270 W e R 2R S o

ARIMA BERIGAE 3 NEESH (p, d, q) » S8 p ERE R G
1], 28 d Zom NIEREEMZTEHAT R E S0, 28 q XoRiRENE
(VT IG5 R ZE 0 53 s AE I [A] 7 A1) A h Je ik A 3 Bl P AT R RE (1) 3840
B =ASHARNFHE (2.4) arLigztl;

AR(p) d differences MA(Qq)
\’ 2 \2 (2.5)

(1-¢,D—+-a,D?)  (@-D)'y, =c+(1+BD+-+4,D%)¢s
Hr, LAMESH T, AR (Autoregressive) [ A5, AR (p) HiH{LH Y
AT ST p AN R BT BGRIGCBE: MA (Moving Average) N3 T H)#4
Be, 5 H RS EE FAB 3B 55 ARMA (Autoregressive Moving

10
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Average) B, RS d B Z0HEEE G ARIMA B

ARIMA EERRACJT b FE AR I 18] 5 51 A0 B AT B AR O< B i B A DR RO
MRZImE S BENLAAE. R« AR P SRR PSS 1, i S
P 4 ERO0S I 8] e 371 80808 P 65 R REAT AR ADL , 2R A ) Bl R i B PR R AR AR 4
Y& IS F BB IR RAF T, T AR 2 B Fr 51808 R AR R AR EAT — e R
IORRTERTMITE

ARIMA BARVEMOE IR, SoaRHUN (8] Fp 2 $odl, SR8 Ja ke ge Bt T Aa itk DA &
BEAT VR GG, P AR R ARG 0 T S I i e IR A SR T AR B I TR
Feol, HAFAER MY (BN , W EA 2 70 K5 R B B P AR
I A5 BREE 2 0 BRI BON 2, P RS BRI SE I 7e 7), SRR 2 77
BB s Bk, B2 7 B 08 5 AT 2. SRR TAL 2R 52 HE (N A 1t AT
BRI, R R ZEA A BIC #ENERHTAR A ERT, &gt il & 2R,
AAEAE, NFZEE G,

ARIMA F& R (R4 N Fr A RE N B AR 41, AN AE TR S I R A 1
PaAh 2, Joigont 2 I HUR B A% BB BEAT Hb 4

2.1.3 #TF SVR HI¥IER 2

SCHEFENL (SVMD IR T CHBEE, & —Fo R, HA S5 X
6 fie /MU R AR AR LR ME R BEAT U &, R REFRGZALRETT, H AT LLRCH -
SCHF A AR B PN, 709 D SCRF ] B AN SCfr el B 739 o T 2 1) 208
A4 T AT AR A R Dy IR VA o) L, PRI, A S EE AU AR SR ) B[] AR A 18]
(support vector regression, SVR) &

SVR s 4 2% [m] SRS H e b = LU IR I BL s 52 S0 Uk, 2 P ik
TS, HEPRATES E R n 4575 SN R RIS 2, 9
AR BT, P TR Y PR Y SR R B . SVR AR ER Ry 22 R 4 L
ERARERH R Rz hE

FESS

)

i
e

X

11
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wx+b+e

wix+b

x,\#i+b—£

E 2.1 X¥FEEREFREBREE
I E 2.1 ATLEH, HRAER A n EREA (X, Y), i={2,..,n}, HI
FETFRAE—MREREEf () =w x+b, Hiw AREIERE, b NwmERE.
FE ST P B AL — AR e MR R, M E AR R
F(X) =W x+b+e, f,()=Wx+b—g, FEHNBIRNRBHFN & 5, 412
EHEALENENT e, HENeEN, ZEH0E SOVTNIER, AT
WERK, HNGESELMENERT e, BIEN e Fo4b, 2w SCHTM

R, BERTFEARZESUR . AT DS B TR A S
;zmax(O,‘wT-X-+b—yi‘—g),§.20 ----------------- (2.6)

sk, G A AR R R IMUIEAE, SERRRRE A T LU Y LR A Ak

Wb—HMF+C§] (F(X)=y) mmmemmrmrmememenees (2.7
if |z<e .
()= {|Z| —&, otherwise = Yim T(x), w= Z(ﬂ B )¢ )» C Rtk

PR3 AR P i Z2 A R8s 508 1 T 22 ) 2 ) o KR, 3K (2.7) 1Y
S U T KB AT A SR ORAIE B s B A, 28 A & AU R
PR AU € LS T S I XS Z TR T 7. 2k SVR &Ik

12
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ekt SVR £id Ay
V=Z(ﬂi —ﬂi*)'<<0(xi)~<0(><)>+b -------------------- (2.9

i=1

BTSN EL SVR i—F£RN

M

YZZ(ﬁi—IB.*) K(%,X)+b -ssmemreeenncemnennens (2.10)

Hrb g5 groNtikg I H TR T, K (X, X) AZERE SVR FFZ ek oo Hdk A7 2t
I8, BEIREAO NS g RE R R . B R BCEE Mercer EH, [k, fEEY

I RE KR BR B8 T AR A% R R, A% pR BB P A% pR B 4 22 TR R R A2
[7] S 4% PR A

K(XI Xj):(xi'xj)d """""""""""""""" '(211)
K(xi,xj)=exp[—Hxi;zjH } ------------------------- 2.12)

BRI B S NEAS SVR SHMIRYE LA A s 4E 80 1) oA RAFE A, A3 R 1
YEJZ A, H AT RBF e 8m NE H .

FE I B 4 ) S o, S0 B 2EA T V3 — Ak, SRS R B A,
LA WTHEE w A b RSB IEGRE,  FI R IGREF LA R E R 45
SE (RN A A THIELFE AR R AE

2.2 VPRI vk

HAET, Hlass IR Bl b S 2, EEAHE K 32 (KNND
SCREMEANL (SVR) PAR N THE M. Hl b RN Tg s £ 2E
BP M4, BRMEMZ (CNN) DLEJEIRMHZ LS (RNND 5. FEE I
RN, ABAT7 A T — LA FgEAY, 40 LSTM. BiLSTM LAK GRU .

2.2.1 T KNN B

K-12 2B (K-Nearest Neighbors, KNN)& — A 1) B850 287762, &I

13



% 2% EBFBAANS BNAN XL

B WA IR, Sk T SEBI A4 3] . KNN S20R B B AT 9 B & i
AR AL, % B T RO A BRI KRR R . 2 i 4%

& 2.2 KNN BAREE

BRI, il 2.2 fros, Bk ERr v 4 X, A RSN AlE N
WX, RO, <REOXE, @O, HPREAR I NP, il
NPT R EAZEE” . 2 KAER 1 IR B XIR), Aot 3 6 [ AR R
A SR R B 2], 2 KO3 OB B X3 A LAY, L3 R
FRIREA RCKAR o A R 280, 24 KL 7 IR X AR, B
ERTEARIREAS SR 2 A R B350, 2 KL 11 B (X L),
HHC B 10 [ T A I AR R4 00 R 8 a8 ) o X8 Bl A Fol 1) g, A<
FEAR G 2o B B i 1) K AME M BHEAE R RAIREA S E . 25 EWTRIEH, K
(B AR PR 43 S LA R IR0 45 AT & BRI s, PR TG VR 8 Tl o] i 2 [m] I 93
Me)EE F, K ARSI A A,

FEMFPEIRFE TN A, KNN MR TR AR, 1 S e BEAR S i A7 h 2
FEEN, ARG TR UAFEAR R IREE B, SRR ST HE T, R E R K
AT A, KB 1 K AN s EUAE S5 3R A T IME

2.2.2 ET BP #& ML HKIE 7

1986 4=, Rumelhart Il McClelland 25 A $2H T BP #4824, & —Fh g
AR N 2%, R R ORI AR 22 S B & AT 14k, o2 B AT N &) 12 &
ok 7 —[451

BP M2 W& K 52843 3 2, RN E . RO Z M =, ik 2.3 fr

14
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2.3 BP fHZ MK R EE

Hor X, Xy X NHIN Y NGRS, SRR E NSRRI,z o

H wy, S9N JE SRR A, v, NGRS R AR, o R

JRE WAL T, B RS TR .

I (2.13)
i=1

By = D Ny * Yy mememememememen e 2.14)
h=1

BP A1 W £ (R PR H AT S B AU R e 2 o (45 S A, XA A
FEHATARR AR HAL PR, BRI RS E i, RYEA U 5 e
EMERE, R ZRER S RIAEE, S REEZERRRAR, R& 535
feff 2l rha e b, B AW R IE LA 28 702 18] (S E DU BRIME, iR 2
WERRRETT 1A T, ek 3 —MUE FEBOV AR RCR .

BP 122 X 2% H FH IR 3 Fhiiins eR 4L

Sigmoid BRHE —fl S bR B, HAES. SUIF ULk SR i, 2 —
Pt (e 2 o A BR . R S TR bR B RAT VAN (2 A o 2 B4 1 0) Y
SR, BEHENGERE T AR R R, SEONGRBRIF A,

15
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f(x) =

---------------------------------- 2.15
1+e { )

Tanh PEL GUHTIEVIRK %)« Tanh BEHMELE[-1,1], BA[0,0179H >, ATEL
WM B IR, SERIE, 5 sigmiod BREIN BERU B IE(E LA — &
o {H Tanh FRECABLEEHERIMR, XS sigmiod K10,

e—x
et +e”

T 2.16)

ReLU BR¥L, A RUMTRAN 1 EIR A0 R BUF AR T R R A 2, H
RIERZEE DL M . ReLU sRECH 4 AV IE(ERS, SEIEN 1, HILRAH
RGBSR E, H o TiH5, TR (H S5 AN UE I, AR R R AR
o

f(X) =max(0,X) =--=mmmmmmmmmmmmemeeneeeeeee {2.17)

FEHRAEIR LT A, BP A2 LB I TEAN AR IR0, ek B e
BT B, RS RIZEEd MmN Z A BP M 2%, Gl A Wik
POEB B IR N = S a0k = A RE el = 5 2 22 R OB, RISk e SE 1 X 2%
T

2.2.3 FTEFHFR L R 48 1 I P TR

2.2.3.1 TEIHHE 2% R A5

LA BP #2825 J9 AR 1) — LU FT A 22 I 28 BB AE 22 ) R Zrad A, Hof
tH 45 FA B S BT Z AN DE 2 — B T A AN ek e FL I R4 R . R
M, £ — e SEBR I 5o, I ER A Y IR 24w R AN 2 A el 2 i 2 A e
L5 T — I B) B 1B N A SR A (R AR, BT B, PR FA AR I 4% (Recurrent Natural
Network, RNN)MIZ A . RNN 7EANEE 7 51 B b ELAA 15 om i 3d A A AR st B
R, T2 RN FHAE AR 2 I 18] P 51 24 Al B AU, 51 B RS AR
PLAR B LA S IE 5 1R 46

16



%2 F HFIREANS 5N A

4 v 4 v
W
o 4 W 4 4
EREE | S ) ans S, s, 5,01 .
U T U U U

NZ @ 2] @ Xi+1

& 2.4 RNN R L5449
RNN JEBS R anE 2.4 B, ZERER T — DA Elman f§3F 4
Zmgs, LU RN ZBIREZBERRME, sORE, W ORRRERIRIRZ K
BUEAERE, Vv ONERGEUZ 2% H R B CE R B 2.4 FTRAEH, BEW, U,
V RILESH, WA RIS H R
RNN B 1 7] CAVS IS [R5 JE F A1, AT DLSG IR BT, T R FE IR ph 22 N 4%,
Wk 2.5 FioR .

wizE () o B G
v y"

V' . 78
' W " ! " ! "
S' [ W Sr_I W S{ W S:+1 > s mm
Vv , v v v
- W W e W o W e W
ﬁ%ﬂlﬁz% S |:> ' S’_I Sr Sm > mmm
V‘__J Je It 4 V 4
d 4 W W
S [ ] S[—l S! LSHI —— m m m
U U U U

wAE  (x) . O
& 2.5 RE RNN BRI

SR, RNN AFLERE BEH % v J DA S BB P R e 1), I HLBEAE RNN R 2
I, PIg AR E LR, ol SEILRIN T2 .«

PGPl B2 T b, PRI PR R 2% TARRI AR T, W A 75 S Se AT
Fadt, SRS AR RE, XGRS, JEPRE 45 4
B NMIKAEAS RN Z% N, RNN #PE ek 5 2 105 BIRG HAd12, RS
W T — I 220 B0 TR B

17



% 2% EBFBAANS BN XIE L

2.2.3.2 KIERICIZ 442 W 2% R E A4

1997 4, Hochreiter 1 Schmidhuber K5 [T 4 th 1A ]S DN 2] RNN
e, $EH T KR G204 N 4% (Long Short-Term Memory, LSTM)#61, M
A IR T RNN A BITAELE (R0 PV 2% il 2 DA R E R X [, LSTM 2544
N 2.6 AR

Vi
A
G i /X\ b > C,
J: b
IT\ !T\
h_, \T ~ > /i,
xf

2.6 LSTM B JTé5#

LSTM ) Z2E 0 HAFME B e HEAT T o, LA UM 2 TR S B s
TAEREGT, £—3, mEEr] f gL B pRESKE B R S E5E, E—
I Z RSt by, PLACH AT Z0R A x R A BT T, @S M A —
A~ sigmoid P B o KAEATAEHE

R AT 0-1 ZIRME, 1| RFES BT, 0 REMEERAT
Fro Frbw, RCERE, [, x [P A AT, T AR K i
b, AR EI.

B3, HIN DR P R BT AR A £ L AR b — R 2
IR, R tanh B SCZE STROHN I RS L SRR R RS Bt

AT
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z, =tanh (W, -[h_j, X ]+b, ) =wmeememeememnememneneneas {2.20)

=00, WS C L HHONC,, KBTI TR & S Tia A

2.2.3.3 WRKERCIZHE R R HEANEH

5 LSTM [, Schuster 1 Paliwal T X3 Hi X [R5 #H 28 /4 2% (Bi-directional
Recurrent Neural Network, Bi-RNN)R A7, #H%G T RNN, Bi-RNN #84 0] LL78 7
FIFHARRAZ B o FER PN 5 A0 SR 22 25, [R] I3 g SE AN R kA5 5 gk
AT 3R

R[] e K 2 12 4 42 (9 4% (Bi-directional Long Short-Term Memory, BiLSTM)
9 LSTM HJ— SRS B, B 94~ J7 Al A S ) LSTM AR 2H it , ek tn 1] 2.7

iz e 3 ) 32) xee
RRE ——{sna)——{sn——{rsng——

[ [p— e

ENEIE LSTM LSIM, LSTM,
YN LL @ @ @ ..

2.7 BiLSTM Z5#4[%]

2.2.3.4 EHTHRTTHE ML REN B

PEIR T FR T N 2% (Gated Recurrent Unit, GRU) & LSTM H)— /MR A5
A, LSTM A 8 Hfg o 7K IAME . 6 BT I FIA B R n) i, (H HoAh g — 2

19
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B, WSSO R R, THEE R &S . GRU BRI T IR K, GRU &
LSTM [ — AN RL, BT BEE T TAE T TX = AN TS IEAANTT, 4y
R EE T TATER], (R AR ORI AR G I —FRES, ERL
FAHZEA KM FEIR BRI ESE, BT WAERIR R, 2t T IIZ0EE,
HasniE 2.8,

h
A
- I
@
(Xj— §
r.‘! Z! h[
o o tanh
| |
1
_ J

[¥] 2.8 GRU B 454
HITAEREE, F—2, Bir—m 200 h 5 490RERR x & H 8%

el h %], AEETF, H sigmoid WG o M HHHE N, RIFEE
1% I 2 PPIRAS AR B AT ks o« h L, Horbrw, AR RE
R L | (2.24)
S50k, AFFIETh, x JE BT sigmoid WO B SN T I 7,
(R LT3 E— (2.25)
F=, EETINRH L h, 54808 x &I mEr*h_,x], 1%
N tanh J0E BR AL PR 5 AR IE SR By
h =tanh (W, -[r, #h_, X ]) -mememmemememsenenenceea {2.26)

FIUL, X Bz h Ah R E G BT SR, A 2.27 1]
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LB T A R

2.3 PR

ARSAEFH =M RN — B0 &k v JykvERe, Al PR ZE
(MAE) . “F4a%F 5 7 tin 72 (MAPE) 34 7R %% (RMSE) . MAE. MAPE
1 RMSE /)N, POk BBk . P4tz 2R RN

n

MAE =3[ — | e (2.28)

Horb 2 SChE, pATE, N 2EFEKE. MAE SR EAHENE L&

fabr, DAPPASEAE TN XK . MAE SR80 iR 72 FEEREE, HRaRdE%
W N EFER G B 4% 1 o IR ZE SRR N

N —
MAPE = %Z Ut T (2.29)

=gl]
MAPE J&3 T 5 70 EU I, 019 MR [R5 2R 5 5 LU T IRR Z R
RMSE = %Z(ri ) {2.30)

i=1

RMSE 5 MAE fHL, #IR84a0RZ%E .
2.4 KEE/NGE

A R BT H T BRI SRS B b4 75 RN 8] R 4 A T 7y
o o R B AN A 7 v T AL PR B IR . SR A HG{E . ARIMA.,
SVR, iXLEFEATIEIEHIEAM T RE P A2 IR, X ARG ERARRE FE . B IR) 7 %)
TR 12 3 B KNN 57 BP #4845 DL AR 2 4%, A s 22 00
SRAEI TN i A, L4 LSTM, Bi-RNN, BIiLSTM LA GRU %5 % fihds
Py, X e B A ZE R f 5, A DL IE AN 7] AR R I 50 A8 A B
o, AREGH T =M ERR, 2258 MAE. MAPE H1 RMSE.
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% 3% £ F BO-BILSTM-GRU #4 i i 8 B $ B4k &

¥ 3Z ETF BO-BILSTM-GRU WY EE BEEIELNE

3.1 BB R AR

PR BRI 3.1 frs, EEAREIURER Sy, B S0 X FEA SR S BT
HAT AN, ARG L E BILSTM-GRU i/, % H D117 42 vk 5 B 70 8 S
HEATIREL, AR5 AL 2R A AT B 6L o

BO-BiLSTM-GRU

w
Tt
2 [F) DUmtH 5% BRREE

3.1 RAEIHE
3.2 BEAFAERSHLLE

AEHFKRE T 2B Argo TR H 0 (Argo GDAC) R L) Argo ¥R
(https://doi.org/10.17882/42182), ZHAREAEIRAL 7K. KIS HIFEEE 2000-
2022 FBRAEE H 1B HEWE, ARSCEAE 2018-2022 4F AT HE 42 Ik BURE A
Wk 3.2 PR, EEHARER BB N =2, FI S EA R E B R,
KEBRR B AR . A HIAE 2018 4 3 AL 2019 4£ 6 H. 2020 4 9 A
2021 4F 6 H (3% HOBLIN A Sl H— H A BROU I HE 1 o 5256 50, BG4
CRRE L TREE WRBE, RIS R TG S B ISR 1 H5caE LA B e R (7 L SE R
ENEREE DR
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% 3% £ F BO-BILSTM-GRU #4 i i 8 B $ B4k &

I 18]
AL 5

ORIIEIER

RAE

L]

B 3.2 BIERERAREE

FER B TR ZRET, 75 2 B gt AT Bk 2, B —fk. B2 HLE
FAEET, A RREATEIE L, WY model. TMiXt T ZANE MERHIE
ENEREK, BB T B0 5 0% AR I GRS RLI, o 4 ik A7
VA — AL PR AT DABR S AR FE A SO B o G KININ AR, G A Jo B R
REF RS, WRENAR, EiHEERE, AR KENNE Rk &
FPHAL, MESERR B, BRABUNEN R S E N F R R, X
S AHBRZE, KA — a2 1 75 2Un] DUR I 1 g ok — [ 8, AT
RRF i A TR PEBORS BE o %o T 35 SR R FE T RSk I SR 2, A B B
TRERTTIERF R BN S HEEN BRI A AR WEN, WHIF KBNS
Bty (B v AE ARG Y, SRR B MoK, ikl i, Rt
—H AR/ MEDT R A IE A S, SR B SE A AT LU A
TERE, A s/ ME IR BR AR TE A

AR A — T A R R IMEIE — Ak, A R A BE A — L3
[0,1], THEAKXA:

X=X

A . —— (3.1)

max min

23



% 3% £ F BO-BILSTM-GRU #4 i i 8 B $ B4k &

3.3 £ 2 BiLSTM-GRU & {4z

3.3.1 BRI R

Pk BRI REAR p g — X BRI B R 4. W, WA, RN

X.

il X

i4

X =[ X0 Xizs Xia0 X | N BARE LR N n*4 FE

o i B b 4

X X

AR AT LR IR — A2 e ARk Bl R R, BI{RE, S, WREE; iR}, Hrp
20 A ERNIR T N B AR B, I BN DR AR B A BB AT 60% 1 9 I 2R At 52
H1E] 20% VA SEER SR, Ja 20%E I e 4R -

TP IR P A A s ) R SR IR, RN o 5 L B 3 A i B ok
M, BILSTM HA %I 8¥Ea 55 S (RISEMI S MITEE) MEeSs, bk
BN EACAZ, REVG ARSI 22 (BRI EREAT 22 2], AN, IREREE AL IRE
RIS 2 BAT — e ke 35k, 0 MRt ) P AR BB 20 P2 AR A T 2 B e B AR BRI ke
% BEIRFERE R B AR PR AESS, GRU MR ARG R RS i g

nl

Loss [¢- -7 '

U

AT

LU g

|
|

[T - - - - oo

S

INLSTIE

=

(k)
0k )

=

Urall S

|
|

-LIITTTTT]

] Mgl

MAE | |MAPE| |RMSE|« -

3.3 %2 BILSTM-GRU #& T{ER1ZE
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