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Abstract

With the development of the city and the agglomeration of the
population, the number of cars in the city continues to increase, and the
air pollutants emitted by the surrounding factories have caused the
deterioration of the urban environment, and the travel and health of the
residents have been seriously affected. Therefore, using urban big data
such as urban air quality data, meteorological data, spatial POI, etc., to
build an accurate air quality model, so as to better help residents make
travel plans and assist the government to make environmental protection
decisions.

Starting from the time dimension and the space dimension in the
construction of the air quality prediction model not only enriches the
research angle, but also applies the concept of data fusion in the research,
and integrates the time series with the spatial information. Taking the
PM; s pollutant concentration as an example, this paper explores the
feature extraction method of PMzs sequence in the time dimension and
space dimension, incorporates it into the prediction model, and
dynamically combines the prediction results of the time and space
dimensions to improve the prediction effect. The main work is as follows:

Firstly, explore the theoretical algorithms of spatiotemporal models,
including the processing of missing data and outliers, and feature

selection using correlation theory. On this basis, this paper deeply studies
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various cutting-edge algorithms for PMys prediction: modal
decomposition, time series clustering, deep neural network, etc., and
constructs the theoretical framework of PMa s spatiotemporal prediction
model.

Secondly, build a spatiotemporal prediction model, and build a
temporal and spatial predictor on the basis of analyzing the characteristics
of PMy;s prediction in the time dimension and space dimension. In the
time dimension, the modal decomposition is used to extract the
fluctuation characteristics of PM.s data, the time series clustering
algorithm is used to reconstruct the components, and the time predictor is
constructed based on the ELSTM model; In the spatial dimension, the
Laplacian operator is used to extract the spatial relationship of the site
from the perspective of the graphical model, so as to construct the spatial
predictor; finally, XGBoost is used to dynamically aggregate the two
parts of the results to complete the LX-M-CEEMDAN-VMD-LSTM
model 's build.

Thirdly, the PM>s concentration sequence is predicted by using
lanzhou air pollutant concentration data, meteorological data and
geographic information. In the time prediction module, CEEMDAN and
VMD were used to construct a two-level decomposition method to extract
time series information, and then cluster reconstruction was carried out,

which not only improved the accuracy of time series prediction, but also
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further simplified the model by clustering data reconstruction. In the
space prediction module, the Laplace matrix can effectively extract the
spatial features of data and improve the accuracy of space prediction.
Based on XGBoost, the importance of various features is extracted, and
the temporal and spatial features are dynamically combined to make up
for the deficiency of their respective dimensions. Root mean square error
(RMSE), absolute error (MAE) and mean absolute error percentage
(MAPE) were used to compare the advantages and effectiveness of the
model. The empirical results show that the prediction accuracy of the
proposed model is significantly improved, and it is superior to the control

model in all indicators.

Keywords: Spatiotemporal prediction; Modal decomposition; Time series

clustering; Laplacian; LSTM neural network
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o AR AT SR TT I R TR IR A PMLs Bdfi T, S8
HIRMATNEL A

SERHEATENEINAL, 58 N 2 F A

BEAh, hRe It 1] T

T3
1.5 ARt = HE

AHEFCRIL N L ERATHIE, RS EZE AR

25 R 5 8]
HUIS 1) 5 2 B AR ALE () B LA B, 5 19

I 2 P AR A

|

PR [F) P AR R

}

2 [ AR Bk

EESEREHE: S

| | XGboost 1% 71 i

I
i CEEMDANY}fi#

I

SR 1.1 Fios:

________________ [

B1E: MIRAE
R AE A A S T

! v
WA K-shapeBR Esmm%}
SEHE A H
LA TR b 4

BEE SRS

11 BXEZERER

B R, RELLERH RS 5 3

L@ 5 AN L, 5 A SO AR

07 RIS A, EDREILE 2 U

=,

BB

TR A5 24
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552 . FNRIEAE KT IEAN A, AR R ERUERIR R . SRS AL EE Ty
P RS R BT AR IREME L (BLSTMD R FEHL
MIRE S AR 3 ST AR P R 1) B VR BE AR AT VR4 A

903 E . WA TN R Y A, AR ) A R N TR Y
(LX-M-CEEMDAN-VMD-LSTM), V40728 1 4 78 i [a] Fil A5 He v iy B A 25
BRRAE, AR 5 2 MRE SR U i, DR 2% (R A e . fe )i
PRFUHe I 8] PG R 5 2 ) PR S ) AR BRI 7770, DASE R S Y FR R

W4T RFEEEDEM PMos ATFFIN G, A HAD 5 3888 . R
I« DA R T b B SR A A B, 18 B 5 = F 5 R I 28 T AR B AT PMas
IR LTI, VELN R 1 N R A B A B L R T A5 A IR P B AT AT,
I3z R ZEFR RO EAT VAN DA S B e 40 BT

W5 E: BAERE. ERMAC TR TRNA G, MR TAERT 7 A
LS, BE— PR T AR TN S T AR R S, IR 2T A
FO S AR E ARy AR AT T IR L
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2 HipEMS5RFE

KRE G HE T HARE BRI BRI AR, JFEAR T @B A i 5
AT I TE] e 2 5 28 DL S B Bl A7 SR B BRI R 70, O T B R H I S
oA 2 A A%
2.1 HEFALIE

(1) BRREIEA

T 2538 350 9 /N IS A, 28 S U B A AE A T R U N AR AN R,
DT 1 B R A AN = AN EAR AL B, AR AT B SR I AT A4 o A
(2.1 Fiw:

X =3 (X1 + Xega) (2.1)

Horb, X ZIERAE, X, 5 X 2RI ZIE, RV RS 11
T B R AR, AREHHAR I [A) b s

OB RT 34, TAEAH KNN BZ09%, DA e 2SR Bk i3
PERF R R AT I A o i DA 2, SR KA AR A AR ALLRE B e 1
HAR AT

(2) “Fhatb it

BEAT PR AL B T RO BdE b B BB . A PR SRR AERRAE, O
HAEZ ST EHIE T, & THEAR A #R B A B S I LU P AR, I H Pl 45
RGN BA T BRI, I PR A A 22 0 i B P O7 R AR He
ST HCR VA — AR T T

ARSCAERETS N ZRZ HR A T I3 — A 1 77 sCUAb 31 2 U S50 AR 00 - 5
B S A 2I[0, 172 [0, H—Aein A (2.2) Phos:

:1:;“ — _Ti=%Tmin

(2.2)

Horp, o Fom B S B, vmac N RKAE, 2w NIR/ME

(3) FfEdk$e

N J B A TR AR ) 2 SR 78 0 OB i, AN A5 4R 7T PMs iR 731
5 HAb 2 R IR L 7 51 AR R A 1 2 8] B RAR SG &R o T AR S 734 U2 44
FEPH BN UL AR B 2 (R A R RE FE B A i, I R PML s IR P 31

10
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FoAth 73 5 Gk B2 7 51 DA KR BB 1 RO ARALLRE , AR SR 55 R R i P 21 R R
FERTENZ AL, B b e 5100 B (R RIS B & -t FEGEEAE TR rh, H H
HAH SRV A T VRSB A O R B [0 A K T 22 - P 07 256 M . T AERFAIE
b, T O R B vT DL I R AR R (A AR G, DAL DR B AH GV RE
JERL T RFE, 23 BRAH PR AR, K f A5 20 (10 ] ) BB ANAH SRR AR o) A5 284
HFH.

AT PMos W B 781 5 oAl IS 4. R 1 IR AH 5 S 808 [
BEATAR IGO0 AT o AHOC BTS2 247 =Fh: Pearson AHK &%, Kendall #H
KA Spearman K R E. HH, Pearson AR REERE L, HIEH &M N
REANLMERR . REAMONIESRIES A, HEAE B AL . Kendall
FHIR R HOR Spearman AHIK REL, WIFFTERAEA TR/ LS MR AT T A S 2K
WA SR F Spearman A 5¢ RS & PMos IR BE 791 5 HAb IS ). SEZFET2
[ RIAHOCREE, THRA (2.3) Fs:

6> 1 d?
p = Sl (2.3)

XH, g AWMARTEEIE XA Y 081 G X N 2 oy B Z A, n AFE
KH. (2.4) FN Pearson HH= R EGTHE AR

p= Yoy (xi—%) (yi—y)
VI (2i—2)*(yi—1)°

(2.4)

2.2 RSN
2.2.1 ERZWIESHE (EEMD)

ERAHE D (EEMD) , R ENE S TImAALE, fFHe
WA (EMD) WIJNEAT 0, #h78 T @BBS b EZRINEE.
S e RGBS 5 0 N 2 D5 S I ST 7 i, REsHi e IR R (5 5
FARLE A AP ARAFALE o (H o A R, BRI IE FEBOR B U, 22 EMD
17 g a8 Rrp IS IR B DL 5 . RIVNTIE AR AR I 18] ROBELE AN [ (9 IMF #56
HEL, B> IMF 7305 o I ZE 0 R AR AE I ()RR, (A A SR> IMF 3¢
TR B A CLIX 73, B 73 A 45 R A BET A2 I 70 ARtk DL Rz sh PR H e T
EEMD U W% BONA R 3 EMD P E R B IR, HBTRAT LAk .

(D) s(yAFIRE S8, ViR § IRSER AN B~ 231, Ho A

11
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NFRHETER 3T 5§ IRBME S P PRI AS (1) = s (1) +o' (1), Hdi=1, ..., i
TR IR HL

(2) ¥5 575 s'(n)iz ] EMD 70fif, B8IIMF, Hhr=1, ..., K, &
AN RSN

(3) WA s k NS BN IMFy, H5F M P T PS8 T E,, B

IMF, =1/K Y IMF}.

22.2 HiEMTHEREZLWESSH (CEEMDAN)

LIRS R INE S P51, 2 AR IR G815 SRR i) @ &%t A
FiA#, Torres &4 1 H & NN S 1 5848 LIS 40 i (CEEMDAN) , 5l
N 3E e 0 M A, RIDRE A B K ) Y M RS S I R A R B, DAk
ERNTERAET, HEMRZERINL 0. Kk, CEEMDAN 1] LUA /b 1545 7
IR TR B I KA, WA RGE T AW 70 il 7 105 P IS AFAE I 7 A
SEREIBR 15 . CEEMDAN 5L A iR W1 R -

(1) A H EEMD 5L 3 215 —MES &, A (2.5 Fik:

I
IMFP =13 IMF, (2.5)
i=1

() EHE B (k=1 HEE-ITLRE, WA (2.6) fix:

Ry [n] = X [n] — IMF, [n] (2.6)
(3) SRR, [n] + e1Ey (wi[n])y CGi=1, ..., D FE—MEESE, NE
MESTEERRN, WA (2.7 Fir:
IMF,[n] = %i—i E1 (Ry [n] + 1E1 (w[n])) 2.7)
4 MTek=2 ..., K, i+ﬁ§§ kA, e (2.8) Fok:
Ry [n] = Rye_y) [n] — IMFy, [n] (2.8)
(5) AR, [n] + enEr (wiln]), Ci=1, ..., D DBE K AMESSE L,

Bk MRS ER RN, ek (2.9) Fix:
I
IMFqqy[n] = 1 ; By, (Ry [n] + ex By (wi [n])) (2.9)

(6) BERFIDEH TP HB H LI BEAGNBE IR, (F10f. &

12



VRPN R R A9 BT “OrR-TEIR AR (¥ PM s I 2 TR A 7 2 7

RINREWL: » Rn) =X [n] - S0, IMF, Hh K R0 A2 GBS R
HIEE, BB XERNX 0] =0, IMF, + R[n).
223 THESHHE (VMD)

2014 4 HH Dragomiretskiy 1 Zosso #& &7 (VMD) , Bl —Fd
BB AR . VMD 7 i K5 5 0 iy K M ARIERES 4 (IMF) |, sd@id
o— RIS R SO, B RGEEE . VMD 7 B 2R K N
TERSAS R B 5 2 Rk B /), JEMIE F Lo e E~F J7 e /NS 3 HIR R
WU, A5 S IIBE A B — e IS e o B IR R

(1) A w8, ARRRIRE S f RN kA58, RTRIES R T 51
A LA A B TR RS Ay i, TR AR DR S (R i e B 2 AR,
AWK NITAEES 2 MG FIGES (A%, BAERSAdREa (2.10)
IR

min

{up} {wr} {% Ha [(5 (t) + %) * Uk] (t) edert
s.t.ké:\:l up = f

z} 2.10)

A {u} = {ur,ug, - w RIS, o} = {wr,we, -+ wp RIS HT 05
o B S RKFIEE R, FRABRIEH .

(2) KAL), IR AT, HARNTLRAL A, 1535
TRk M H A (2.11) fk:

2

+
2

Luwha%bnza§WzKuw+%%wuﬂeﬂw2+Hﬂw—zwﬁ>

k

Qu%ﬂw—§W@Q @.11)

Rof: N THSE, HlE R RS T, AScd, R (21D

FIARAL ] SR FEAR T IR T-7E (ADMM) , BEdE = (2.12) - (2.14) , &
e N

2 . AMw)
~An41  J W)= Bi(w)+ 5
ar (w) = T 2a(o—mn)? (2.12)
=S} n+1 2
)| d
wg“—f‘) wlui” ()] do (2.13)

= fooo |UZ+1(W)|2dw

13
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A\ntl (w) = A\n (W) + 7 <f (w) — Zag—l—l (w)> (2.14)
k
Horbe p AR AR, wl (W) w (W) f ()R ()53 IR R+ (6)s wi (£)-
F (@RI () B AR 4

2.3 ETRRAFEFFIRERZ
H T PP B R R R P, IR 1 NS B T B R ZEH BT IX il . Gravano
BT —FAT B A FEER Y K-shape JRRE . ok, BTkl
B, OP R AT AL, AT R E AL RE, PR R EERI R, fKYE
I 2500 (R T ARAARAEE A TRAR AR 1 PP 41 3R — 2
2.3.1 BEFFFIRAAR AU E
DA P B T6] 57 1) 3R 248 30 2 SR o I 0 K o7 W 22 14 2 5 14T %, Gravano U
A8 3t LA SR 2 R T ) AR B o A AR S I I (R L e — AN 5
A, ¥ x fEy BIES), TR x MR s IR SITH WAREE RER N,
CCy (z,y) = (1,02, ,c0)s BRI EARR P I N2m — 1, WA T E XL:
CCu (2,y) = Ry (z,y) ;w0 € 1,2, -+, 2m — 1 (2.15)
Ry (&, )M N (2.16) F[15:
RA@@{IE%”“%’kZO (2.16)
R_; (y,x), k<O
MR HERCC, (2, y) R KK Iw, BEMAR R AT Ty R EEE: s = w — mo.
HMAARFEE NN A (2.17) Fis:

D =1 — maxy, et '
SBD (z,y) max <Vn%@waM%w @17

HUE Y FEA[0,2], 45 b/ N R A 7 BT L
2.3.2 BB FFFIZARER R

IS 1] 7 210 20 B o B VR 22 A 55 M8 T 38— AN e Z10AT &5 5 &5 — 4L (8] 2 57
77780 EAFEINAL RO 51, 2SR TP RO i O o L H AR R R 3 5
N BT FL At R 8] 20 2 R EE B P 5 AN /M - [RGB S — N4k Il

[k = argmax,, >, cp, NCCe(xi, pr)?

14
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2
o max, CCly(i,uk)
= arg maxj Zpk (\/RO(%’%)’RO(M#M) (2.18)

0 (2.18) i FF ENF A BIrA I [R] P 31 i 5 — N e A% . RN EIX B

S B 7152 FAERAIR R 2, Bt DUE AT — O AR B SRR AR A S5 T

EHA TS EASHR TG, HHRER (215 5 (2.16) HEHRIA

X (219 -

Mkza%nm&wikﬁm<§Lgmﬂxuwmo (2.19)

T TR I, AT M ERR TR, MR F &t 1T 1A — b B
BEIAL (2.20) -

i = argmaxy, ¥, cp, (07 - i)
= argmax,, 1f -, cp (vi-2T) - (2.20)

SIAM =QT-5-Q, 2w =mQ, HHhQ=1-L0, [REAMNER, 02X

%Elzi’ H%S/Tﬁgzxiepk (-TzaflT)’ ?%E"@J/A\\ﬁ (2.21) :

T.0T T M

#k‘Q S-Q- My VE- [ 2 21

——p—— = arg max .
g g L " ( )

B KAE 1 B R SR EG R (Rayleigh quotient) f o RAG IR, A0 B KAE N A
B MR R e KAFAEAE AR AL ) . BRI AR I T

M = argimax,,,

BA 1 RECTEFR A

N BHEAEFEX (nxm), BATARUELL IS BR8] 5 515
CR—AmAtF|FE, HSHF 55 XHR R P Fx 5.
fnti: CR—NEATORmYEN R,
X o
For i+ 1 to n do
[dist,a'] « SBD (C, X (i)
X' [X'; 2]
S XT.Xx

Q+I1-L.0

15
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M«QT-5-Q
C'  Eig(M,1)

2.3.3 ETRARRIET[E) Fr 5 B8 3¢

K-shape 5% 1S RAEAN 5 kAT, sRaawid. (D £l
WErh, BRI 8] 81 5o 2 R A L ASE, IR L R4S e Bl P25 e A1 1 — 2R A
PR RR TR AR R () AP RT, BFIHEROG, WA
S5HBUOHIEEE, JEHTER . FIEEEXWANDER, AN P
BHAA, BUER| e VF B GERRECNIE . BAARIRRAZI T

B9k 2. K-shape ZEHRH %

N BARFEREX (nem) , FORIEARIRECH 100
i IDXR— o dERAE, BE DT F R REE R
cre— Mk« mAFEFE, GERNEEEF L.
While IDX #IDX' and iter <100 do
IDX « IDX'
for j«<1 to k do
X' +o
for i+ Ito n do
If IDX (i) =j then
X' [X X (1)
RPN (24) HHEEED O
for i+ 1to n do
min dist < 0o
for j+ 1to n do
[dist, 2] + SBD (C (j), X (4))
if dist < mindist then
min dist « dist

IDX (i) « j

16
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2.4 ELSTM $H£2 [ 4%

S IS EAZ A 22 WX 2% £ T2 B Hochreiter A Schmidhuber $2H, 2L
2% (RNN) [ — Bt 5% . LSTM T HoMURR 1 B e 450, 7B 2K 1A
RRZTTMAABA RS, HamWawE 2.1 Fis:

2> 1 e

Bt

B 2.1 LSTM £ M4 04 45 1 B

LSTM £ — B Z/MEE SN = BENIETT, 2 nl 8T
TR T Horp, BTN VRSB RSN, EET128 7 EH#[LZ
FRICHME A T #2000, fth R sle & e v, X = 1sE8UE B
TRAfE St FERZt, B x AR PMos (I B P41, 3, A3 LSTM H Tt 25
oM he 73 NP2 TOIR S EAN SR Z IR E, W LSTM -8 e BB i Al (2.22)

- (227) FR7R:

it = 0 (Winhi—1 + Wizxs + Wicci—1 + b;) (2.22)
ft=o0 (thht—l + Wfrxt + chctfl + bf) (224)
Ct = ft *Ct—1 + Z.t *g (Wchh’t—l + chxt + bc) (224)

17
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0 =0 (Wohht—l + Wopay + Woeer + bo) (225)
ht = o * tanh (¢t) (2.26)
Yt = QS (Wyhht + by) (227)

b, W Was Wenn Won 5392 B2 IR M e AL IEFE s Wiew Wi
Wees Wou 73 A 18] 72 51 x0 (AL TERE ;s Wiew Wyen Woe 73 B A TUREE
H5ZATTREBIN AR biv by bes bo 0 ZARE B Wy M by 5& LSTM M
25 M BCE SR E 8 o(%)/2 sigmoid WUEREL: g()F h()ER 2 tanh B
PRE @O softmax PG B, EIRRER AR T R B SLNNR NS BT . ST A
() B0 i R A28 7T P T ) B N SR EE A A 22 TG0 IR B . JF R
R ) WL 1 AN R 2R B0 I U T 32 1T 45 P 560 o) 5470 TR L8 in 1) F e R 55
Fr, BrIEAR R A SRR P RS, BIA (2.28) Fin:

win {4 3 3 (o = 7 Mol + el (2.28)

PN # 0, g # 0 B FRHI PR AETT, IR ELSTM #i2Y, ISl 17z b
.
2.5 WFEEEE

KRR R —F SR, REB B b 1t S 5 237 12 00
SRR A 1B 1 55 B TR0 7 %, R SBT3 B 7
LG

ST — PR R R AR S R A, B LA RS 3h 7 ) K
B R OIE, BB R, —HE AR TR,
AR 1 5 7 S R R B, DL B e S 24 4 R A
W R RV LB AR 2.2 B

18
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Xp+ Lid Puid

Xid

K22 frNEEHFrsEE

R AE AL [0 P A m KL T, By R S A E ARy (229) 5
(2.29)

vttt = wolly + errn (pfy — @) + o <Pgd - x?d) (2.29)
gt = aly o (2.30)

i, vﬁl%%nﬁ\iﬁﬁqjﬁiﬁ\*ﬁ%%%d?&ﬁﬁﬁ%, 2 BRI 2R
RLT SR adERLE o B pll i SR JGRARR S5 R T I MRS I S a 0 5, pr,
AR OER AR BRI R RIER Fddi D, a3, riflink
0 F| 1 ZHIBEHLEL wMNE., HEARLRIE 2.3 fix:

19
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IR RL T 5 5

!

THHEANRT IR 2R R

i R A AF

SRR T S A E

l

THERLT B o M AR

l

SRR T I SR LA B

l

SRR D SRR AL B

K

B 2.3 ATREEERER

R B HVES R HA o, i A s, JTRAEZ HissHiih,
REME AL 1 I BCR AR BRI S L - TR, AR SCIE PR 7B 05 34k LSTM #f
2 MR IR R S HH A .

2.6 KE /G

AT e A G A A ) S A P O 2 DA R A IR T, R SR AL

Jitic A B2 20 i (EEMD. CEEMDAN. VMD) 553 I 8] 5 41 1) 8 2 5095
(K-shape) LAEAHAMZEA (LSTM #8D) SkF#S 5 mi, R
XA SCHR K] PMas TR AU S B AR BEAT A4

20
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3 BTN B A

BEXT B TR B0 72 S S B h i AR~ AR 1 5 AR R VERFAE SR ICAS 22 5 BA
PoAL G 2 I 28 45217 ] 1) 3 41 (R ST 35 R AR 48 ) F, A B i L — b o T I e 2
P PMas B (LX-M-CEEMDAN-VMD-ELSTM)
3.1 =B 4y

T, T R AR SR T . A PR DL R R B R R
EHHTIETE, SHEE AT TR . ot A0 R I 5 Bl — 2 B POI
(RIS 7R T B J s = M ol 1 2 TR AL AL RE o 3l AR S b — B A 4R I e
O, ISTRFPHI RS, ELSTM 4 LUK AE AL 1 04 4 Inf e 4 B A F RO kLT A
PSS, K TR P A, BT O fil- SRR R TR FE AP e I 2 A5 2
FREL PMos I PP 00 p (0 B B B M 5 K a3 . s 28 & ELSTM Y
BRI PMa s 5 HAt 5 e 8is . ARBE P JIRH SRR, DA St HLAth I 7 2
¥ %F PMas B 82 WA o JF B T &5 B BE AT S R K R B TE) i R A
(LX-M-CEMMDAN-VMD-ELSTM) . TEZ¥[A] b, 704525 & RS 2% <0 = T
(R () R 3, — 7 T 2% B8 22 40 P MO AR M ol 2 ) (R R CRE S, 59— D7 T %
& POL #i#fs, tHT POI Zdi @& 2 (a] ARt s U AL, Gnmss, TNE, nvdss,
BB, ZEsfi%E, HbARG IR T I A A SR o 38 EOd s TR B T S
SR PR S A ke Wty 5 2 TRVRRAIE O 5 250 i PMLas B 2R 47 5 ofe, DAL
e 7 )R AE RN BOHE A4 FL Al fO0 B AR Sl S R R 5e e, JHE N 2 AR R
ELSTM H& BN, 56 B I TR B (R RA) o 1] 3.1 S AN SR e A L 5
FNEEHRRE.

21



VRPN R R A9 B

SN

fifp-ZEIE-FE N [1f) PMa s b 2 T AF 78 % FL RV ]

HRnE RN

B 3.0 AR

3.2 BB FMARIR

FEIN T AR Sy, 5 Sk PMa s SR 46 5 51 R RS o i I T VR O il e 24
TR, P T FHI5EE PMas FR A0 B & i mah e 5 KBS . g1 oME
NAZEMZE N, IG5 2 & T PR IE IS, ¥ 7 5 T 25 SR
ITERIEEE R AN, RIS SEWE, FlunfeK. Kok, SRS, HAbS Yemdos,
%141 PMio, SOz, NO2%5. Jeti il & MRHES PMaos AR, SRIUHOCHEEE
BURBIRHE, B2 LSTM B @A & 2 K¢ RIS R . &5
K T8 53 YOI 5 SR 235 - g A I ) SO AR

WIS, A M 3 E S iR 5 A5 AT — IR i, IR — P ae
B3 7 B8] P 3 P 5 AR RAE o (BE ] IR O RG4S PR B R () T B ]
TP EALZATRCRBEAR . ASSCIXS 70 Jm B 45 R BEAT RRAL B, FE A4 ELSTM 4
2L RN, PLIE A B> TR AV BCR I B b, TS A ig 17 20% . 1E
TS I R AR R 2 AT I R

(1) W EAERAT TS AL TR, 5 FH KNN SBEIAMN A FFHEAT R S 2
R 7 A A A B R 4 DABC & LSTM B4 N ;. (2) i8] CEEMDAN
JIER R T IHEAT o R, B e B TR S I ST U EEMD XHE 5 3 R 1A

22
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RN, MRS S IE A VMD i, SRV R ME S I AERAE: (3D
A I3 T IRARCL L R I 18] 2 51 B 2R 5% (K-shape) X045 5 3EAT RIS, HIR
DX T B Z I B ZE 5 JF BLAREE B ATTHI R P X e i 2l or i K 3. Bk
M5, #7055 Ak ZE B> A TINAE AT LA e ) o3 BRAN [R] 28, BRSS9 i
Fe 5 B AR AR ARAE: (4D FF LSTM #Ze W2 I N IE AT, 78R8 1% )
A2 0 285 AR P M e I R RIS B R R RS W Sz A e 0 (5D SR o)
- TSR A HESA R N AL S A B s AT WL, S S R N ) 32 2 v T A
AN MR IR R BARTE, D8 T HGE PMas IR ST L, A SC
£ “iR-FRISE AT I Fvasl T, WSS, (55 TN LA R 45 Rk A7 4
T D CA R AT AR e, BAR SRR AN T

Hi% 3: E-RR-ERMM AL

BMIN: B X nREARANEL TS
R A L()Jy LSTM B RIZE,  f ()4 CEEMDAN 23, g()A VMD 73 i

1. 5

n,m]* [n,m

],<_f<X)

X = [X*

[n,m] [n,1]

’Xf'kn,Q}’ X[*n,m—Q]i|
(@)« RIBX g Xy < 9 (X)) 29 (XG2)
2. KK HI K-shape REF A, RN KK, LNC, O, Cr

[n,2m

3. ;& HMAR R Ry o Rie, R (X

n,m—2

)] sk
Ri,Ry--- R, R (X[’;ml_Q])] «~ G ([01,02 e ,CK’X[Z,m_z]])
LI Yo & Rt Rok oo+ R (X7, )

B PE Y]

3.3 TEIFUER
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WNAAEI T PR B AR N N, HEEAEZAE BT, 2 A R
Hia G, W H be s B A RBURLS 5 (PMas fl PMio) AT (SOs.
NO2. CO A1 O3) o TMHRE PMas KK IR o0 B2k, Blana < ahif)
2SR GE B HE, I, XN A PM.s IR BE KT U 2 52 31 Ji Bl X 35K
RIEAd S G . G W R EEZ T AR . AEXS PM.s IS 51 Ftl
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B 3R
CEEMDAN 7 fi# 3 EACHY -
E_imfNo = np.zeros(50, dtype=np.int)
max_imf=-1
N = len(X)
tMin, tMax =0, 2 * np.p1
T = np.linspace(tMin, tMax, N)
ceemdan = CEEMDAN()
ceemdan.trials = 50
ceemdan.noise seed(12345)
E IMFs = ceemdan.ceemdan(X, T, max_imf)
imfNo = E_IMFs.shape[0]
¢ = np.floor(np.sqrt(imfNo + 1))
r =np.ceil((imfNo + 1) / ¢)
VMD 73 fiff 2 ZEAH -
T = len(data)
fs=1/T
t = np.linspace(1, T, num=T)/T
freqs = 2*np.pi*(t - 0.5 -1/T)/fs
f = data.iloc[:, 1]
f = [round(i,4) for i in f]
alpha = 2000
tau=0
K=12
DC=0
mit=1
tol = le-7
u, u_hat, omega = vmd(f, alpha, tau, K, DC, init, tol)
PRI MATLAB F 224X
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clear;
fea = csvread("Hi R AB AL H 5 0l SUEUHRE .csv',1,0);
fea = fea';

options = [];
options. WeightMode = 'HeatKernel';
options.NeighborMode = 'KNN';
options.k = 5;
W = constructW(fea,options);
[nSmp, mFea]=size(fea);
DCol = full(sum(W,2));
D = spdiags(DCol,0,nSmp,nSmp);
D_mhalf = spdiags((DCol + ones(1,nSmp)") .*-.5,0,nSmp,nSmp) ;
Ag =D mhalf* (W + eye(nSmp)) * D _mhalf;
LX =(Ag * fea)';
L2X = (Ag"2 * fea)';
ELSTM Filili A5k 3 EE4 A
dataset = pd.read csv(filename,engine='python')
config =[12, 100, 50, 100, 1]
predictions = list()
train, validation, test = train_test split(dataset, n validation,n_test)
test = test.reset_index(drop=True)
trian_validation = pd.concat([train,validation])
history = [row for index,row in trian_validation.iterrows()]
history = pd.DataFrame(history)
model list = individe fit(train,cfg)
for 1 in range(test.shape[0]):
yhat = stacking_predict(train,history,cfg,model list)
predictions.append(yhat)
history = history.append(test.iloc[i])
error]l = measure rmse(test['l'], predictions)
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error2 = mean_absolute error(test['1'], predictions)

error3 = mape(test['1'], predictions)
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