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Research on ultra-short-term prediction of residential
electricity consumption

Lin Lin

Ju Sen  Yu Lijie
(State Grid Jibei Electric Power Company Limited Skills Training Center, Baoding 071051, China)

Abstract; Load forecasting is the basis of safe operation of power system. Due to the randomness and volatility of
residential electricity load, it may affect the normal operation and maintenance of power system. Therefore, accurate
prediction of residential power load provides favorable guidance for real-time dispatching of power grid. In this paper,
an ultra-short-term prediction method for residential electricity load based on long-short-time memory-type cyclic neural
network is proposed. The “memory” feature of this method is used to mine the correlation characteristics between load
data, and a resident based on long-short-term memory network is established. The ultra-short-term prediction model of
electric load is compared with the simulation results of the double-layer feedforward neural network model. The
prediction results based on the long-short-time memory network are more accurate, and the validity of the model is
verified.

Keywords: circulating neural network; long and short time memory model; load forecasting; double feedforward neural

network; residential electricity load

=

=

51
AR R o Bl A T ] ] IR 22 3 A DA A J L L B o R T
A TMb AR B AN T HE 3 N R AR K1 H AR 3205 5
L TR] R o B PRI R 22 30 R 77 b S5 K T B — 3 R B
TR A DT BT — R A T A R R R
FREIR [ SR AR S BR5E R 0 AT A 7™ A0 A 306 il of 7 Tl
M o T "™ B 19 22 05 o ] Al 2 % f O £ 7 AR 52 R . R
o 7 iy T i P g 2R 0 A RS D Y R b A S B Y IE A
WX RGEWIE R s T E 2 RH EREHL N &R
G Trs AT A A S AR N A 2O v ) 6 A
RO B4 K R AT AR R 0 22 4x T AR 2B IEAT

e H H B :2018-12-25

¢« 08 o

SCHRLT2E T H0R S5 BI04 7 s B0Hs e 7 T R g B A A
D, TR 45 5 R A 5 SOk [ 2-3 2 TR R LR R D R R 4
5 B0 B2 W0 43 SR o R TR) RS0 0 A ST T R g B R 0 AT
7 fuf IO 235 SR 2 BH L VA A B T I R 5 SCRR 4]
EMEERE IR T TAE B 598 H 052 m 45 H £, KX
S 5 ) R 2R i — 25 A0k, 45 50 0 TOORS BE A T W AR

R g R NN R R vk S
HLCSVMD SEMLAR 2% > B 38 b %) D7 5 5040 AR f 75 150 0
b RO T A W R s I N D = W 7 L
B, FeFHLER 2% 2] 1Y s 6 e T AR A A AN R =2 Ak
6 TN B R R R FE K R T 0 (R A 1 0 . T A RS B K
HEUR IR BE I TR . 415t B R Las AR A TR AR e 2



wOHk FLERAY G TR AR

59

Ak AR SCHRE TR PE 2 ) BRAR HEAT T T oL 0 £ R 400
(iSO T R k5 € R A N S A N LTIV E S T3
F S TR AN A 0 5% G J R R i R e A0 0 A5
B PR (8 S A2 5 I ) RUBE S A2 47 1 8 1 2 7
TOIRS £ » 15 1 S8 1) XU 1T 453 Fi 28 190 285 60 S HF 1) ek LA
RUFEAT RS LY fi i 3 5 B 1 9 e 1R B A R

1 fETRHEZML (RNN)

RNN HHE TAE G0 N TP 28 N 2% 7 B — I [) 20 19 %
W BT b B ]2 AT B 045 0, DA T A A5 415 A
Z ML HA T RS,

RNN )5 51 5080 i A7 485 %k I 2 A5 B AT 12 18 91 Bt
A48, MAME Mg mmE 1R,
Pl o B AT R AR TR B — I ) 26 v 8 A 28 T e A Y
PR A w,  MTZTT HBREE I AE S w., 1 42 5T 19 i AL
BN w HATF 2 (s 200 2y AT 2, 2,
x5 4% RN YR i A ) 4%, B — B[R] 25 A 4 3 A2l A
B — ][] 25 BT A7 R AR AS T — B IR 20 A

BL JEER A 28 0 45 25 44

X T ARER A 22 0 28 g A2 R UL FERS ) T g AP 9
A IR ARERMZIG. H RS EM LI, LK AN
JEMAIT. of B WA AJZMHEIT M. o, b, S
W 2P TT ) WAL K 2R 20T ) B BOE (R w2
TN R Z ) A A

1 H
1
al, = Dwart+ D wibi (D
i=1 K =1

by =6, al) 2
RNN & it B = (3) ~ (5w .

K H
8y = 0" @) () 8wy + D)0 wu) (3)
k=1 h=1
JL
3y = - €Y)
da
L '\ AL b} L
= = tht 5
dJw,; Z,] da’; Jw,; ;6/ ' (%

2 igizEmE

RNN TEAE R GRIE 47 75 16 B2 2% 7 1] B, B I 1)
AU AE RNN 5] A GO 28 B AT A e . 1012 A 8
T RNN 7E I 5ol B2 ob i B0 B2 1 2K Tn) L, 3 iod 7 b 22
JCHGIARATT i th TR BT W 2 PR 9 2 A4

P THEAT SR BRI 3 e R 1 0 ] 6 I e e
S IR 2 81 0 2 9 2 A

A

S N
\—SiOulpul Gate }{

\
AN
N\
\ Forget Gate

N,

el S

\ =
\57/ Input Gate
/ =

K2 KEICILE TS

B AT i AR i AR

I H C
a; = 27,0,111, + Zwmbﬁfl + Eu’rzsfﬂ (6)
by = flad )
R A R
al = Dlw,rt+ Dl w b D w, st (8
b = f(a') (9
ICIZ B TT i AE RS BRI L ER -

I H

al = D w.xt+ D w, b (10)
st =bist +biglal) (1D
bt = bih(sL) 12
Bt LD O B AL (L

al, = Dwat + D wnbi D w.,s (13)
bl = flal) (14)
TCACAE B AL R BOR 5 T BB R 44

8 = f'a D glae! (15)
8L = flal) D) s e (16)
8 = big'(a)e! an

.
8L = f'(al) D h(she! (18)

K Lgw SR RETTA T 5e #aRidiz
BT 5w 0 W o W ST AIEAZ BTGB i AT 3BT T AN
TR 55t R ¢ BEZNCIC e i RS2 &5 f &1
PTG BRE s g ke 43 S0 A % BRLTT I i A IR LS 178 T RRER

3 fEHN
R T S TR R I T R 2 A AR 1 TN o 5 7 L 2
e« 00 .



842 % woF o

T # K

F 5L T KA IR 2 o 2% AL 8 RS i 5 i 28 I 45 Tk 43 i)
HEAT T 05 B, R T ORE 45 T80 AR 8 45 T B H £ 4o (i #0
A A% T B2 0L 45 0000 A AR (78 o e A AR Y i A e el
YRI5 5 R W) — 1 SR FH — B AR 14 B far B0 1 Dk 0 A
BRI ZRE T Hodr — A~ A 30 d 19 & B H B A 2 45 T
W, FEARSE B JE B B SO0 19 R A 8] B 4 30 min,
T T A 20 Ay A1) B BB N =8, BIRR 42 Y B A Z0 A 4 b
{4 97 407 B HE T S Sk 30 min J5 0 FH AL G 87, 7 B SERE_E R
FHVR S0 J 55 S 0 B L 47 i 194 2 3 T

PP TN 45 SR 5 S R g 18] 1) 3 5 AR 22 (RMSE) il
o iR 25 (MAED 1 Sy B0 A BE (9 3% 22 ¥E 4 48 b
RMSE #l MAE 19352420

RMSE = (19)

1 " ~
MAE = —>7 |y = /| 20

sy REBRE v MG ; n RTINS AR %R
B /N X 52 1 1A ol 67 7 T A ) 3 TR

7000
6000}

5 5000}

oS

& 4000}

3000

20005755436 48 60 72 84 96 108 120 132 144 156 168
B ) /h

B3 Bm R/ X — 2 0 P T el A it 2

PR R A 21 9 J B A By T 25 2R P 4 R
AR e TR T I AL 0 £ L XU T B 28 ) 4
ol A TR B 408 AR 2 b 3 B e T8 P L 0 77 S0 190 22 A 30 3l s
o IR aa I T ARGE A U 25 2R . (HRE TR0 I I A 22 1) 4
F4 70 iy T 235 SR AR T S B B A K L T T R
C L 265 14 S0 £ 00 45 SR 00 2 B B4 1R 4

9.000r
8 000}
7 000}
Z 6000}
Esooo-
4000]]
3000
2000}

— S bR S
LSTM-RNNHEH! Bl 45 5
T B A 2 o4 4 A5 700 T 00 45 SR

123456 78 910111213141516171819202 1222324252627282B0
i i /d

B4 B Jm R/ X — 2 0 P T e 67 il 2

+ 100 -

4 FERITREDN

0T 3 AT S UE BT B B 1 B AT O 5 I B L AR BT 5
I &5 2R v — K T B 3k G A X R 22 R, G 2R an A 5
IR

—»— LSTM-RNN
0.06f —o— XU H A2 I 25

~-0.06 5

1'()%‘[)6]/h 15 20 25
5 K B g T AH X iR 22 il £

H 5 ) L 75 B ) 4% A R 5 002 5 o 2 R 45 A R
A TR 45 S A A — s R 2, HL R 2 (B R R R S0
A 127 8 AT th F IR Aff b B T8 K sh . &
B 5% A 28 I 4% R TR0 5% 25 IR 1 T 0 B I 4% 45
R 2 W FEAR LR JF A 7KOF . MRS T 5T 24 R FH U2 A 5% p
25 D) £ ASE AN AT O B o HG P 387 A Sk 35 2 0 e R A X iR 22
AR 400 R 2. 3% A 6. 8%, X4 3% 2 T K S IRHT 12 M
2 R AT TN IE L S 7 AR X 42 22 A e R AR X i 22 AR AR
INGAT R 0.9 RN 2. 54 % b R A Ol % B AR X T XU R
Tt Ao 2 O 2 AR A% B I 4% A 50 T 300 R B R L 67 A B A B
b ARG BE AR T . R 674 & 2 g K U Bl i ) BE AR 4 b B
HA R, 3 — @ MUK K F, A B SN E
Rk,

Gt T 45 R 5 92 PR AU [F ) RMSE f MAE {4 40
#1FIR,

%1 FE##ET RMSE 1 MAE {1 Lt % (kW)
RMSE MAE
F T B AZ 0 45 4517 314. 46 239.41
XLV BT o Ao 445 ) 246 A AR 405. 72 288. 54

MR T AT LU 70 R AR T 25 R 2 AR S e
TR LI T2 19 285 B4 i B P L 79 R RS0 00 A5 R BT A 45
AR 2E /N T RUZ B 5t i 28 P 28 BB, 6 T S I 3 12 )
25 RO 235 2R L U2 7 05t o 228 o) 4 A AR 110 0 285 SR B A 4 S
P 0 o T DURS BE o A T XUZ Ji 45t o 22 R 4% . 25 R W
8 A 1) 265 A5 7R 0 R A 5 1 BB A8 B 4 b 42 4 D5 Bl 7k 17
A BN TR (] 1 B 13 SCIRAREE DT S B PR o A8 A e 1
P v 1 I L 0 R S A A o



wOHk FLERAY G TR AR

59

ARSCHE T — 3 K S B B B i 48 ) 4% 1 TR
[ R R 07 7y 78 6 A Y00 9 L A R R R A7 e R e
o, MLas 24 > B PR iR K A JE LBt L5 e 1 5
RUG RO @A AR R T M. AR ET K
S 342 W 45 AR R R RININ (1 3042 5 e 42 0 i B )
1 g TR Hp R A BN (RD A B DR S I L FE S LSTM
SR B AL RNN H 25 1 28 55, S 300 455 70 Ay A 50040 19 474
i . 381t 5 BUZ A0 i A 28 0 25 A5 8 ) B 2 SR A X H
HBEF A S B L T2 P 45 1) T 235 SRS B B o=, B UE T AR A
A RO
S % ik
(1] V. WK 5. B el ) o mr 45 2 2 25 0 0 vl ) 10
oy 0 LT ] B 2 R 2005 (4) :3-26,40.
(2] FSFAH Tk 0. 3k T K o bfr 28 I 4% 21 & A58 A 11 S AR 4 )
L] B R g A 31k .2012,36(19) :37-41.
[3]  FEWS.ARAER . . & 40305 K E A 4 00 77 i
BIE kL] 71 R 5 B 8146 .2008,32(13) :92-96.
(4] BEor . Urslfe, 800 75 , 45 40 1 £ far T90 000 455 78 % KL 3 i
PRI )], 1V 38 3 R 2 2 2, 2004, 38(9) : 1545-1547.
(5] W . BREl . R, ST /NEIMESILHEY
W 1 R ) ZR 5 A7 e S0 ASE A AF o (T . oy [ R AL TR
224 ,2001,21(5) ;6-11.
(6] &M BER AERE. S ETNMNIMMEILHNE
S0 1) HL ) FR B8 H S Aar T AF S AR AR LT . e L AL T
FE2% 4 ,2001,21(5) . 6-11.
(7] Ti&. kM, Sk E 3. B RE B W B 7G5

LT e R4 H3h4k,2005,29(17) :93-97.

(8] R% . fEHk, sk FR. HIEILHEE M SVM J7 ik 1
S0 v gt B Ay 0 LT 1A &K g, 2007,
35(11) . 86-89.

(9] BRI, XK M. 1820 55 % 15 Ge o3t KA PR 45 o 5K
HPARW ] ot 2 T,2014(1) : 285-288.

[10] Aefh, A= 2. v [ 95 Bl 480 U 22 XUR: 2317 % Ml 22 5%
SWSCHELC. [ 5 By A8 P 25 KUKE 73 01 &l & 5
4x,2012.

(110 Fhs, BiEE, EFu, 55, ST 450 2% 5 19 KNN 4324
Bk[J]. FEPLRN,2007,34(12) 1 184-187.

[12]  EA:, W1 EARARSCHE, 45, —Fh B TR 4BE Ryt K
ERpERFELD]L RE TR S B FHAR, 2002,
24(4):100-102.

[13] HERE.TAM. T KNN 5[ 3h#R 60 %R0 48 %
A ZEP R HLT]. 124, 2004, 23 (2):
137-141.

[14] MCNAMES J. A fast nearest-neighbor algorithm based
on a principal axis search tree[ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2001,
23(9): 964-976.

[15] DUCH W, GRUDZI' NSKI K. The weighted KNN
with selection of features and its neural realization[ C].
Fourth conference on neural networks and their
applications, 1999:191-196.

EEE N

WAL AR, FEB R T OB I RS TS

P

E-mail :844561731@qq.com

« 101 -



