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Ultra-short-term Load Forecasting Method Based on Time-varying Filter Empirical Mode

Decomposition-reconstruction and iTransformer With Stand-alone Self-attention Mechanism

FAN Shixiong, LI Dongqi, GUO Jianbo, WANG Tiezhu, MA Shicong, ZHAO Zening
(China Electric Power Research Institute, Haidian District, Beijing 100192, China)

ABSTRACT: Accurate load forecasting is crucial for power
systems' safe and stable operation. To further improve the
precision of load forecasting, an ultra-short-term load
forecasting method based on time-varying filter empirical
(TVF-EMD)-reconstruction  and

transformer with stand-alone self-attention (SASA) mechanism

mode  decomposition
are proposed by integrating data processing and model
improvement methods. First, because of the non-stationary and
nonlinear characteristics of ultra-short-term load data, the
TVF-EMD is applied to decompose the load data, resulting in
several intrinsic mode functions (IMF). These IMF components
are then regrouped according to their entropy values using
sample entropy (SE). Next, the iTransformer neural network is
enhanced by introducing a SASA mechanism to replace the
iTransformer
ability to

self-attention mechanism in the encoder,

effectively improving the model's capture
dependencies among different variables. Finally, the regrouped
components are input into the iTransformer based on SASA
mechanism for prediction, and the results are combined to
obtain the final forecast value. Validation is performed using an
actual active load dataset from the high-voltage side of a
220kV substation in a certain region of China, and comparisons
are made with existing mainstream models. The results show
that the forecasting method proposed in this paper offers

superior predictive performance.

KEY WORDS: ultra-short-term load forecasting; time-varying

filter empirical mode decomposition; sample entropy;

iTransformer model; attention mechanism
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Fig.1 iTransformer model based on TVF-EMD-reconstruction and SASA mechanism

TVF-EMD 5.7k — R Ut i & 3028 40 il 7

% W RHEARPRAMARLIEE S . wEELE
LB 2N E AL R PSS R 5 5, XL
DA TP 0 SIS RIA2AL, RERS S 4 UG B A5 5
MRERERRE, AR E]— RIUAMERS AL, SOk



495 Fo M

oW A 2439

T80 EMD TEANEE S (55 I i R LA TR S AN
Uiy pet 2850V 5 ) A
TVF-EMD 5327850 R 1 Ik I PR AR (5
B, HRH T AESA] b BRI RME B AR 8 A
HAEAHEN PR, RSP R AR:
D RS FHIN X (1), Gl RAAR AR e
Ja TN X (0) » HeWRIIRAE A(r) AR R o (1) %

A
AW =X (@) + X @) (1)
Q') = d(arctan[f( @O/ X@®)])/de 2)
2) @I BRI IR AR AQ) IR/, B E AN
) Je BB AR KA 7 5 A R A M JF B, 53 3R s N
Aty ) T AL }) -
3) BRI SME o, (1) AR 4% a, (1) -

B0+ B0
2

a,(t)= 3)

a,(t) = w 4)

Rib: B() 5 B() N AUt} 5 Al )
T A A 5.

4) 5y B B A Al D0 (o)) 5
A (e O () BEAFHEAE, 500, (1) 5 7,0
BRI A 0l(1) 5 (1) T ULy

a0 (1)
P(t) = 2a}(t) - 2a,(t)a, (1) i 27 (1) +2a,(1)a, (1) ®
@5 (t) = () + 7:.0) (6)

2a; (1)~ 2a,(t)ay (1) 2a; (1) +2a,(t)a,(7)
5) IHE R EE LR o, (1) -
P/(t) ; @5 (1) 7
6) AIBH 17 H1) A TRLER A 0 R e A L A R
FEAER, X o (6) AT EM, THHEFIALA
£ () =cos[[ g (1)dt] ®)
7 ¥ £ (t) BIBAE R AE I AR S8 48 17 A
H B BESAGAE 7 120 i P 81 X (¢) 3@
8) WHEEIEET0@) .
B, i (0)
o) = Loughlin
() Paye (1)
ﬁl:':l: BLoughlin(t)j'\j Loughlin H"%H?J‘%ﬁ’ (pavg(t)j'g
TR Yo ik i A3 %
E 00 NTHMEE, % XOIEN— IMF 4
&, HAE, WA X @) =x—m@), NP m@)HN
BRI L2 IR, E AT ()—(9).
IR IRE) TVF-EMD BiER i BE T, it

q){)is (t) =

AWrEE FARAPYR, n] DS BIBES RS B ETE )
IMF 7).

X EL IMF 73 & Bk 1 80 4ar 7 81 B AS [B] s 73 o of
T IMF 3 &, H R B 2 14 e 91 s A4l
B , ARER AT S 5 H AR R A i LR 3 B8 v A
3, W] REAE HH A Aar RIS )4 (A5 4% 18 Bh Bl L)
SRS HIBEAS RN, B A W I v ) A S A M 7S
BT KT IMF - &, 58 fmh
HI AR o, a0 B 977 35 30 A R A PE T 3%
AT BRI . TR IMF 2 &, o
SWUE 5 BB A B 12 Ak, 51 Gn 2= 4 £ A
B2 AT R R FE N PR R R ER .
YT ERARIL, HACKAS T i 18 1 A8 b B R 4
P, T E A e AR AR L E A
22 SEH%

SE Hikje —MEE R EAE BRI T2
N FH B, FH T 2 A v i B 2R FE AN 8
PE o B0E I I U A A [R] R  BURRAE R 3 A
KA e R A A S B RELEE R B 2 FE 1%, SE
BOERTHEA OB R K B A T — Bk
TVF-EMD S5 @ H i) IMF 2 sik 2n, &%
GyiE R E R ORI 8. SE BE T DU SR VEAG
IMF 73 & 20 EEABZ KN, SE {EARMLE) IMF 73
wHEEA RN ZE S, o LEMA—ASE
2, B [ ORE IMF 20 218 TR 2 8l S
) R, ANIT9D 7 A AL IR IR [A]

2.3 iTransformer =2 %!

&4t Transformer RAYTE H ARE 5 AL FEAI T
N UG T BRI ST, (BAEME R
FITRIIAT 55 H G A — S Bh AR, 45 )2 224 m] ot 7 11
UKW, Transformer FPERES B2 TR, RN THE
MR A B G n . te4h, f£58 Transformer
W 22 A8 5 1 [R]— I [A) 55 HR N B — AN Tl AR e
Al e 2 3 A [F) AR & 2 JA) A O P B 2 124
iTransformer S& i1 X% Transformer 45 HE1T S 1
B, WA Utk Transformer J il i 3 7] 72
K 2 J@7R T 4% 48 Transformer 5 iTransformer #x A\ /7
A EL#E, 1448 Transformer ik A\ token & &4
WP K Z e RR, Fl— e P K s T 5%
EARMYHEHE X, FEUBERA@EAEES.
iTransformer ¥ &5/ 7 51 M7 H ik A\ 2| token 7, i
HEIE, AW token BE TR RRR. X
RN RAETMAR AR E, JF@EdBia g 51
R INUGE B Rk 2 oo A8 & A M.



N

2440  JEbHEAE. BT ARUEN AT

SRS 0 it - B AW AT B VA 3 I ALY iTransformer #4855 #7570 TN /77 Vol. 49 No. 6

Token Token Token
f

Transformer
e (VIAVVARNAY TN

518 i il
it
Token
iTransformer
Token
I (8]

& 2 Transformer 5 iTransformer %\ 73 2\AYEL 5
Fig.2 Comparison between Transformer and
iTransformer embedding methods

AFFLIME Transformer FRIMAEALE FH (K% N
5 &K encoder-decoder £514, iTransformer {X {5 H
encoder , ‘& fl FE X A\ 2 (Embedding) , % i 2
(Projection) f1 L /> 7] #E & ) Transformer R
(TrmBlock). X T—ANMKEN T, BEEH N
M2 YErf a7 51 XE R TN, (FH X, RANERN ¢
A FI LS BN A A, X, RN n REIH
AR BB EFA . BT X b X BAHE
S (1) LS A — B E AL, 5AEGRT X
HEATHRHER N0 7 AR B, iTransformer 13 F R
JEREAS X, FUSLHEATRAAE RSN, 3R15 N AYERE
N D WA MRHER R H={h, - ,hy} € RMP, I
o€ R P RIRAS A SN [A] A AR . X Ly
fEFIRTE Transformer Hirf, T Jaidid v = JIHL|
AT EZ AE B E, MHZEH—HSE— A
AR B RHIE 23 A, LERT IR 2% rh gk A7 2 Ee U RR
TEShd, f 2t BERg 2 e i g5 5L . A
R SEHLE FE W] AR IR
h! = Embedding(X ) (10)
H'"' =TrmBlock(H'), 1=0,---,L-1 (11)
ﬁ’n = Projection(h") (12)
Ke: ¥, WA B RIS R
24 WINBFEN
iTransformer S AN IS B2 WL H & T Fr
A BN, E TR A R A & R A 5 AR
KIPEWRE IR o ARSCRH 7 — MM B =T
BU, WA EEBRIE T BEEJEE S, 0@
oA RN E VR R R B R I RS
(45 BT, ST 7R IR AN [F] AR Ok R

&b
He o

M7 HER IV R E SRR 3 R,
ANR—MFEE, R —MEE e RY, M
PL i A ORI BN a,b € N, )G FRRHTIX
I8 xapr FIFIRUERERE Wo Wi Al Wy 1FELZ B ARIX
I querykeys Fl values FIH . 2R 5 K — 4> query
Bt keys IS key HICHRIFRA, LT
softmax JZ /55 values %f NAZ 247 B AR f5 AT
B AR T yy, At PR

yy= 2, softmax,,(q;k,)v, (13)

a,beN, (i)
e g NEWIAIE: ko AREFIE: v 2 {H &
AR E G, 7)) MIEAR R 540 2 M A 315 2
1; softmaxas RnTE ij MR N B 21 0-1 (178
BB A

Query Softmax
LIPN ]
x| Wy
e o=
o |-<§>-Il
w. ... Values
K
Keys
¥ L

3 MIBEENHEAR
Fig. 3 SASA calculation method
N T AT ELF TR, 5ILE S B IR
HIRS LR IIH, EE NG, HERAALE M
abENi» j)» FANTCHRERZMANIE: TR
a-i 5HRIEE b—, 1TWi% B 5V RE2E 25 5 ik
N rai MU ry i AHSRHR, PE BOEREARIL K rasi p-is
XA RRHE R IR RN
yy= D, softmax,,(q;k, +4;r s Ve (14)

a,beN, (i,))

B IE IS T R, X
BT — R YR AR ¥, AR SO = AL R 2
iTransformer HHIF8 # 2 A 1) HVE R JIVLE], $20
T RAN [F) AR B AR o0 R (1) R
3 B

A EAE Python3.9 RASAT Pytorchl.9.1
WA IEAT B FiziT. RAME &N Intel(R)
CoreTM i5-9300H CPU @ 2.40GHz Ab31%%, B4TH
124 16GB, 5 NVIDIA GeForce GTX 1050, i
175 3GB.
3.1 SLIGHIEE

IR PR FE FE X 220KV A% Ha sk v L A F 52
B Th B far B SR A Z 0 X RS AT 56 . 3L
PEERREL T 2019 4E 1 H 1 H—2019 4F 12 A 26 H



495 Fo M

N GBS N 2441

ey A Edls , SRAEEIRE Y Smin, 3t 103680 2%
5, AR ARSN, 0 E R &S
T R RS XGE 5 FfoRSURHIE. KA 7:1:22 1)
EE A S 30 B R 2 IR EE . B EER St
3.2 REGFMIEHR

AR I 4 %] R 7 (mean absolute error,
MAE) ymae 134850 11 43 L 1% % (mean absolute
percentage error, MAPE) ymape P3P 22 VAN R AR 1T
TR T (R . PR A ek 22 T 1 B T
H5 HSHE 2 M RPPdant 2 5, FRon g5 B
SUAE 2 B B 3w ZERE R s T3 4a%) | o bR ZE 1
T PR AN SEPRAE 2 8] 22 7 B~ 3 4e %0 5 40t B
Aot RFRRE ., FHETRE S T4 H
SR ZER A XK RN

1< . .
yMAE :;Zlyacl(l)_ypred(l)| (15)
i=l
1 < yact(i)_ypred(i)
=)y | = e 16
YMarE né' () | (16)

s n R TS R E: ac()F Yprea(d)
N i SRR ) A R B S S TN
3.3 EESHEE
AR B 2 A CE S . W
TVF-EMD H 5 SEBIME . 7m0 b AT,
iTransformer FIIZREIE . BINTFHIKE . St 7
FIKFE . mitds 28, AR WouE R, BkR
. BRI )R, ARREE, HAKRERENE 1.

*1 RESHRE
Table 1 Model parameter settings

R ZH ZHH
‘it 9 R 0.25
TVF-EMD 7R 12
b FEARHY 50
Y25 10
LPNGRIINIS;3 96
At AR 12
E LRI 2
iTransformer R 32
W BRI gelu
5 BRI mse
LR 0.1
)R 0.0001
SASA 2 !
ik 1

ALK A X AR A CNN . LSTM Al
Transformer )40 B W% Ao RSCR RS
W77, AR 96 A Cantim 4, Hithoh 12 4
A AT B, AN AT B B R (] B Smin,
RIR F %0 8h A7 faf £iaf PO AR SR Th 1 67 fr B4

AR FE gelu MEBEEREL, FHELT sigmoid.
relu 255 HBOE RECE g, A BT a)
SR FEURSIOE FE AN e, RIS A SR I #E 14
152 213 DA BN RS, @t BiR s R LA
RRRENT R FEARNE” 1) R
34 FRIGERIENBNER
ASCAEH TVF-EMD  B0220% J5 06 7 fmr 20805 23 e
N 124N IMF 43, Wil 4 FoR. AN IMF 283
7~ TR ST D)2 3 HIAEAS [F] I TA] ROBE B [RARFAIE
200
0
-100
-200
150
=50r1
-150
100
0
-100
150
”ﬁ“‘mmmm*Whﬂ+ﬂHkﬂm#
=50
-150
200
—-100
-200
501 I
=50
50
=50
50

IMF1

IMF2

IMF3

IMF4

IMF5
o

IMF6
o

R /kW

IMF7
=)

IMF8
=)

=50
50

IMF9
o

=50
50

IMF10
o

=50

IMF11
w
o S

=50
200
M J\m/\
s oF
E_IOO L 1 1 1 1 1
-200
0 20000 40000 60000 80000 100000

K A¥: £3/5min
4 TVF-EMD S ERHSE
Fig. 4 TVF-EMD decomposed components
H EFOK 12 4 IMF 3 &4 A\ B TN B
JIWLHI ) iTransformer HEAT TN, AEALIZRAIN ] 2
RORSEN, T EHLEeA, T ) &, T
e R T S B AL (R T 25 SRR, Oy T Y
WIZRITR], A EAER] SE HIEXT 12 /> IMF 4r&ilk



2442  JELHESE. I AR GEDY 0 IR AS S0 - FE AL A ST H VR R ML iTransformer #2855 1 6141 500 5% Vol. 49 No. 6

iTEM. TVF-EMD 7M#j5# IMF 73=f] SE {Hn
2 R,

AR 2 HREAEI /N, SRAH K-means 574
FABAR 7> AT B 2R, BN E. N TR
VIE 24 43 B0 TR A R U RN TR AR, 9 )
BAREWR 12 M08 EWAS MRMEMN
O 4 7 E PN a VAT S e =W kIR i
iTransformer HHEAT ISR, P EAIZE 3 PR,
AT, HEA 4 AN s R R, ARk
B RIS R R A1 4 A 93 2 A i Y 1) i A\ R gk
A7 T

# 2 IMF1-IMF12 [ SE &
Table 2 SE value of IMF1-IMF12

i SE i N SE fH

IMF1 0.67421 IMF7 0.40045
IMF2 0.68003 IMF8 0.40082
IMF3 0.66758 IMF9 0.39587
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Table 3 Performance comparison of different models
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Table 4 Performance comparison of different models
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Fig. 5 Comparison of forecast results on 2019/11/2
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Table 5 Results of ablation experiment
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Table 6 Comparison of different attention
experiment results
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Table 7 Comparison of different empirical mode
decomposition experiment results
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Table A1 Main parameter settings of CNN
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Table A2 Main parameter settings of LSTM
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Table A3 Main parameter settings of Transformer
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