5538 % 511
2019 41 H

BT R RE BT B AR
Advanced Technology of Electrical Engineering and Energy

Vol. 38, No. 1
Jan. 2019

= % 2 B ) 4 B9 41 P U 5

g &, xex, K &K, K

w, kR, mEOE

(1. ZRFEA5HRRBFR, Hk T3 443002;
2. BME G4 NG, #d TG 443000)

HWE. ahfcd W@ F b ki SRR 230 F KITH, B R ATHFREZ R 2 KT EAK
TR R TR B 6 TR, AR BBl M A AR S AT ey Ak sk b S N v AT e T o
ML R BER T £ B W e BTN 75 ik, AR P e AR, K e rn B P e 56 B
FoRB A SR AN E Sk Toh BB A 6 v 5 AT TR ik AR G AT e B L
FAagk A R K RARM B 5 AT TR B AR AT | 5K £ AR R R AY 2 W SRR SEAT TR i 3K
HEAP 22 W & LL AT AR R )R B e AR R AE L £ Sh B W R AT AR R AT ABhiE B E
P B 7 TR AR B AT AT IC, SRR 2 RAER] T ATAR G AT TR 7 ok 69 R AUk

KR, LM, THEFR; AEE; ERAVZERNL; AR

DOI: 10. 12067/ATEEE1804075

1 35|15

BEXS RMUBL | vo 18 375 38 ] P A BE YR 6 AT H 19
51 & i — 5 )8, 3 2l e, 0 36 i 75 SR 4R
O B A AN [ 14 43 A1 2 Y5 L 4 e H I8 4 7 1Y B
RSV . X, 317 5K (Active De-
mand , AD)%\%ZT?EF%*H@@%%, BV P A 5 S Bt ]
BN MO P NS S B R O 4
B E A B, AD R — R I SR A i e ) 2%
PRI SRR AT A B IR T K BT L 23 I TE L 45 1
NRGA S5 R AEEDT

B HL R )R A S TR F0 6 e e O
R X T H ORI R G is i R A
FE T R 25 i B LT RS (A
JE ), DN 6 PR A1 fRL 1 3% s M A AT SR L R TR
TR GE R HL M, 32 B TC HL A AD {45 1P 67 4 7T LA
BEE i sh A9 A B R I, A R
AD (2 B A7 far BN T2 24 W TS AD Y B
IS [60] 3 270 s #0025 26 S AN TS A 000 A1 0kt 5
T Bh L A A F A B R B R H
T, FE AN 32 3l C H 9 B iy T 1) 2 22 0T g

i EE. 2018-04-27
EEWMB.: EXRARE2EEETH (51477090)

X EHS: 1003-3076(2019)01-0031-08

FE RS TM715

T—FRIIEE, SCHR[ 12 JARHE 7 faf 0] 2 5 H ) 3
JERR AN R0 07 T R AT 02, K RE A 56 4 Wi [y i Ao
5 AL A AT U9 28 Ry AU S AT, S T AT R
Ao A B0 P 7 9 SCRR[ 13 ] 208 1 E8h i SR 7e
A T PSR I R T A AT 3 A 3 Y ) T Ak
PREE I AT 9 2245 M dt, JF 5 R P 32 gl i o
R hy A% e 0 Aof POLDNASE R (%) S0 A 38 38 AN [R) 1)
A T 5 DA R 1S 2 3R Sy B e
B P 158y A FE 08 45 20 55 ff 1) 0000 2501 . Sk
[ 14 ] 43 B e FH P 22 S g o7 /) PR 2=, 42 1 2 Bl e
FEL R G0 0T 7 i SO BT %) K R T 35t A% i 1 AR P
R SR B VR 1) P P g e g R AR A i 7 57 7 9 0
AR,

AR SCE 2 %oF 3 B L SV SR e S R 32 3
TAC FL X 70 7 TN 13- ik Ay 1 498 57 A S0 1 Bl 37 673 £ $5T
TN [7) Bsf JEF FH P one 1 A7 A A AR A T kAR Y
7] 1 R A S AR SRR B T oA Sk Ff 280 T 1) o i
BE I LA T i 107 7 fer , >R Boosting 587 2l itk
P 25 I £ AU X0 A 29 67 iy 4R AT 00N 38 2ok 5 L A AT
BSE 1% 7 L 7E 32 S0 E R O A7 gy T 000 v ) A 2 A
HERATE

EEEAT: & H(1994-), 5B, WEEE, BEOrTEAE, ORS00 S A RO AL LR 5
K2252(1969-) , 55, WHACEE , RIZcz, Wit , W50 i M A shik | 45 & SOs2 W GETRIEE) .



B OE NSRRI, F EIEAEMNEN A TN 1]. B THEBEHEAR, 2019,38(1) :31-38. 33

2 EHECEMNESE A

B R SEIR 2 H R 32 0 o A S RE TR K
K K oA 2 H UEAE P I, 25 P R T
AR B LR (AR S T s S R I,
SO H W 4% 5 A ) A T 5E 4 5 A 1 o i
LT AR < WNITE ) o A B DRk R IO ch- A I
B AT 5 A P s AD R i A g 70
DR FH P R RE B Vi In) L 0 T 4, TR e 2 —
A (B R AL KR B T i i
Ay, B A B 1k A F P I 2R AT O A R
FEE AD i i, £ oy, (0 R A AR BRAE B 2 AD Wi &
IRIET, 75 B A A e L R 408 5 7 (DSO) AT
BRI, R L, i iy A 235 2 2 EN . B AD
MR A 29T R ad (k) 3EF P AT A 1 3055
)8, BIMHAETT T Wi R A 2R, SR O R £y
HH B AE 3 Bl i oy O, DRI 4 BB S 58 4l <
M) 17 A3 2495 B4 FH P ik A SE R W B 7 A ad ™ (k)
HERAN
ad™ (k) =B(q) * ad(k) +r,(k) (1)
K, k=012, FEEEFEEG r(k) AT
SNHINZE G R AR 22505 B(q) e At %0 H 6
Wi 17 | S RS BT ¢ 2Tk,
= B R G
y(k) =y,(k) +ad™ (k) (2)
K, v (k) LG, HA 8 0 2 b

3 EFERMAEHRNTIE

I EF 2 1543 HT wT 3 Bl AL IR AR A R
B4 57t FISE R AD i) 7 £ faf B> 5843, B 32 2l i
L, A £14) 671 i 90000 2 A B A A% G TN ik 1 Sl L
I AD i 7 67 g Y THIE AT
G iR 3 v (k) ANALE AD B0,
IO AL B g B 8] P 810, 9 S R 2
(I ZENTHEAT N o W12 4R S AN [R) B ) RUE A 21
FRAECH R A ) A BT S 5 i i A 1A
EETI, v, (k) FTUMRIR G- -
yo(k) =0(k) +r,(k) (3)
K, b(k) AZETPEREST; r (k) R BEPLEE )5
s 2, KR 3)MAR(2) T,
y(k)=b(k) +r,(k) +ad™(k)
=b(k) +B(q) »ad(k) +r(k) (4)
BEXF S bR W AT ad™ (k) , TR NG 293t

B ad (k) B AT, HZL A S PEAS P 6% i i
B(q) o MFZATPEIEGT b (k) RITARLLH e i
FARN RS A o, (0 T B SR ZU SR AT
R A FE A SRS FH Y, FEAR SO S B A BT AR
22 r(k) (A ry(k) Flr (k) ZH) R FEE BURH 28 )
AR A — AU SRR N T ) 50
(ANN) , FERRREA T, 45 5T L AR 2R ANN
AL A T4 5 B AR =2 D iR 25 b, e
S TN 45 5 T IR A A R B AR . 2 8h
Tict Ei X 7 fip PN ELAAR A R R A BT 1 B

% RIIAD TR RE | |5 SRAR G S I B LA K
WA RSN R | | R AL BT S BRI |5 S TUAR SR ) S it

I |
R HTTITT

[
[z &1t | RILEAE

SEBRA DI RE £t

BT EShC R 1 G o T A
Fig. 1 Load forecasting flowchart of ADN
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Fig.2 Schematic of standard and actual demand response

[ ad™ (1) /y,(1)
ad™ (2)/y,(2)

| ad™(24)/y,(24)

_ AP(1)/Py(1)
LTSl Ap(2ypy(2
. ( ): (2) (s)
L T ma A p 24y /P, (24)
K, AP(1) (1=1,2,-,24) IBTZ P S 5%
SRR N S B4 FH HEL A AR ZﬁJm Py(t) B 5FKMm
NRTIEZ) ¢ B FHELAS 5 e, (s,0=1,2,++,24) NH
Wik, a2y ?E’Jﬁﬂiﬁ"fimxaw
. :ad‘ “(5)/y,(s)
T ad™ (1) /vy (1) (6)
e, <0 s=t
e,, >0 s#1t

Wt

PP 2 555 R0 7 AW XoF T P 75 SR W i
A A ELRERE I, F P R A e A A

2 ad'(1) + Z ad"(s)

24

2 (1=7)p(s) + ad'(s)

(7)
K, ad'(0) AP AERZ) ¢ $EEER A7 % 4
ad"(s) FHATERZ] s $RAER L4782 S S8
PR R I 5 56 R B AMEE R R T
s p(0) NS 5K N5 20 0 (4 1 e o
1%

FHA L, P AR R BEAEAR R SR ANRAE Y, %

FULASMRIN R AR, i —AF P g B, — Ry

adlrue(k) -

e Zapu + ad'(

B RGBSR R LS8, N
;B B(q) M-
B(q)=b,y + b, B(w(k-i))g" +
bi,z:Bz(W(k - i))q_z Tt
b, B,(w(k —i))q™ (8)
Kb, w(k — i) M-S SN 2R B K &, 780
U AR B B3 7 85 s e 5 48k Az 5% i) K] 255 11 oK of
1B, AN SRAEEHL i S0 A AR AE; B, (w(k — i) A
WA w R RTERTZ) k- i & iy R 2R DASE
p ﬁ*ﬂ’fﬂﬂ;"ﬂﬁﬁ)ﬂﬂﬂfhﬁjﬁ)ﬁim%ﬁ AD i [ 71
5 b, HIZ b — i 25 p FRSZARAILS] AT o3 B A AL
p ﬁ%ﬁl‘iﬂl?ﬁﬁ AD Wi 37 S5 47 ) 52 W B P 28 5
4.2 ERHERMEIEE
TEXT 5% 22 B foy EA T TN Bs) | 75 22 28 TR 5 ) o 22
PIANEIS N, 240, B B Wt El e = 1,2, T, 45
20 ¢ 280 x I BB, 20 ¢ B AH DG 57 e 08 DU
fE 7y, EAEHERE AT LUIR x fly 2Z [7] 5¢ R AL
Al

frx—y (9)

— L P 3 2 L 8 20 57 SRR TR DX 671 i SO
(EFRATREAY |5t mT LA F000 A Sk 1 67 A (L, 205 H 2k
SEZH BUNAE BT F T DL B R L 1 e
B, B LAA] DA B8 AR 22 A 26 P A 07 gy 300 ASE 7R
ANN FISZ R L (SVM) | LME MR A T, K
i — A0 4 g BT PUIUDORG B2, AR SCR FHAE i ANN A5
A, ] —2H ANN #28 For R~ ANN AR5 i
AR A I hakAs X AR d AR oy — A
%/\ W ARG A — R DRSS & B A5 TH B

3 A A A TIUINASEY 4  H DAR v R T A
FE .

Boosting -7 & — P AT 3 3 40T £ 1 fh £k 1 2%
R (R ANN S 0 AT R T H
SR AT DAY /D TIN5 2 1 e 2 R 7 22, 9 HL BB AR
MR PIA G, FERR T, B br 2 2k AR A s A
Kl 3 MR TH RHER

TEXEAR § A HORDBARETRY B, | i FIT ph ol 7 i
TR [ A 13 2L 1 B A B A, 7 R —
WHEAR i + 1P R LB T i 2 £
Sy BT OR A A B | B

~

fin tx—ah, (10)
b, b, S @ ASEERLRAS (4 S s A E
i Z MR ZE o, AR, % i —



B OE NSRRI, F EIEAEMNEN A TN 1]. B THEBEHEAR, 2019,38(1) :31-38. 35

HMANFIER
g6 B bR R .
s ' _ WIZRANNELRY A NNAE I [y 45 5L
S E AR

K3 4RI
Fig. 3 Block diagram of Boosting process

BN PR A — BRI M, R LA I IX
SEREUIE 1 — 29 ph AT 88 £ 2 AR F
F=f i=12,M (11)
BRI A3 P00 2 it £t 2H 6 S R AR R A, v
VAR .
fi= Yl (12)
A (10) SEPR b S A B A R B dr AR s E
FTAE . X 5 0 )50, ph S A i,
gy, AN BIEE, BT R BRNT .
(1) 5%, 2 LA TS50 A PR R B ECh
Mo, =a, HO~1 ZRIMHEG =12, M;Ay, =
Yoo
(2) BEBEIERSE R A AR Y RS — AT
(i=1) B, @ad g ANN 28 (11) &Mk, i

PR S x, > Ayl

Sy =min. | Ay, =f,(x,) |3 (13)
i

(3)i=2 ~i=MUGER, 582 Ay FHUT .

Ay = Ay - af (x,) (14)
o T T 10 % 25 3R ) ANN R0 135 F

fi =min. || Ay, =fi(x,) II3 (15)
:

S A3 OB A A 3 8 AL, 7 4 0%
AR o E b -5 U R AT a1 B2
SRR SAR SR BT thid S

(4) TEFT A I AREE R, 225 BE SO (e Bk
HAPIRIFHTA ANN BRI S G

F:}I’};"“J/}e‘w (16)
(5) g5 ph S i x i T A far 2 AR 5 Th BT
AR A IIASCR AR, 40 BT

y=a Y fi(x) (17)

5 EfIaw

5.1 EEEMAFHES

M T AD A SE PR & AD i i Y
S PR ESCHRE AE AT 0T 4 % A A SO O v B
18] 53 A 1) B0 I 2 TASEAEL AD g 1 7 £ I ¥ im 38 5
R 871 i Bsf (] 22 970 ) BRI 4 . AR SCRHE ST R PRI AD
BRI AL P 0y e B2 AT oy S PR A4S AD A5 Y
H
ad™ (k)= b,(w(k))ad(k) +b,(w(k-1)) -

ad(k - 1) + - + bnh_](w(k -n, +1)) -

ad(k —n, +1) +r(k) (18)
bi(w) = bi,() + bi,lB](w) + bi,zﬁz(w) T t bi,po<w>
(19)

K, r(k) A YA ST R 43 A Bl AL R 25 T
b.(w) PR R BE 5 ny, X2 ¢ S R R 17
o 77 A R (14 32 S s 2058

JE 4y B0 fr B0CHE AR R R o [ R T 2015 4F 10 ~
12 A0 s F B cde AR <5 L H A SR R R ok
BOIZRBEAR R 10 AFILH A9 D5 s T e gt , SRAe it
6] 7 =15min, B KA 96 MEUEFEA 380 B A Al
AR R G T AR AT AT AR G A 1k R
g DRI 5 i IO i ) B B ML e AD B AL, i)
N7 s T BE A FH b s 0 30 R0 FRLIR 79 30 AD B ALY
FEAE T R FEALVE R AD A EE X A][ 10,90 ] MW 2
(i) Fme] R 4 22 B[R] ZE IXCR] [ 2,6 Th =Z 6], & [ 4l
R 45 T v, B9 1/5, T 4 g2 i) a) e oh
(1/3)T,, o

JE 4G T AR AL W 4 () T, S8R 0
TFin,=3,p=1,b,,=0.3,b, ,=0.15,b,,=0.05,b, ,
=0.02,b,,=0.01,b,,=0.01, =2 ¥ 71 1 4%
PRI 4(b) Fian, FTLUE B, ER TR E,
038 1 3= s e 17 B BT A R P R TR A ST AR
L B TS VR KRR T e 25 JF AL
TR FH Bt 25 ) 0 ) o T 3 R 244K Bl )
o7 Fsf 16 A 45 0, Rl 2 [l S R oy 7 — 22 R B b T e
AR, 33 32 B B g st ) fr) K e, PR] I e B
A3 B4 7 s ] ek ER R
5.2 i eE A,

B (P R 3 1 3 46 % 4 iR 25 (MAPE)
KA IEAR .

MAPE =1;02 x|

1=1 X,

(20)



36 HOT.HRE BT HE R F38 4% 41
1000 FIH Boosting 27 2 D7 s N T A0 25 [ 25 ( BooNN )

5/ MW
o ®
S S
S S

400

i 8 /R
(a) RGBT

1000

S 800r 1
£
& 600 B

400

e e R B S
i ) /R

(b) EFNECHEMN
4 Ut S R S R S0 ) R

Fig. 4 Original load data set and load data set of ADN

A, x, AT SEPRE s «, S SURT RO TG ; 72
T RAE I K
5.2.1 vap R AR ERIRE

Sy MERZ I FH P R B AT R AN 2, TS R
FEP S5 X5F FH P o) I 88 710 5 ), S8 S i) 7 8 Aty A5
Y SORE SR AT IR e 107 A 24 1045 21 P A e
Tutng o AR SCIT ST 9 0 107 B SPAR AR | X6
o7 B g B TR DL AN 5 s, R T RS e —
FAE AT H AT RE B AR, BERE 10 KI5 s f
AR VE R TN H A5 5, S Skt e Ry 67 £
T MAPE 7£ 1. 5~3 Z [0 8, 33X 3 B 38 1 A8 ¢
ST A ST 1A ] 7 A A AR SR T = 2 i e X g 3 2
faf 2 AT AT I, AT LAAS BB AF i TN A5CR

PSR E 4 EAR 2 (%)

1 2 3 4 7 8 9 10

5 6
o [E1/R

PSR 67 4 TN (9 MAPE
Fig.5 MAPE for the response load forecast

5.2.2 A5 R A TR AL IS

RGeS ar FHEIN IR, AR SOREA% G 87 fr 73 g 22749 1
BEAry AN 2 3 ST AR B X B 22 AR
SRR F > T O E A ANN ASEIRY R A Al ) 1 o A
MATHE AR IE: Bagging Fl Boosting .35, IR B LR &
AT 0, DASR S B BONRG FE . A

EAT S 1) B fap TN, ) B 5 RS AN AR AU T 3 1
Bagging 2% > J5 1 44 # () B4 5 ANN A% % ( BNN) A
Lt , S far TRNASE A P RE Q& 6 T/

2.5
—=— BooNN
o —— BNN
S —e— ANN
th‘ L
K 2P
=
R
s
o
BI15¢ >
®
5’
a 1
1

1 2 3 4 5 6 7 8 9 10
B 1R) /R

K6 AR MAPE 1 HAL
Fig. 6 Comparison of MAPE for each prediction model

M 6 AT LI 1, 5 BNN # kL, BooNN 45 Hi 44
Kf9 MAPE S350 19 MAPE , 3 H 5 81 ANN #H [
B4 B BHIKAY MAPE | 3X W LT Boosting 715 Y
e i A 2 X 48 A T30 10 £ R0 R A% 15 3 B Y 11
frfPERE . 7 YA o M 0.25~1. 5 A2 0T
2 VUSRI AR X W A THR T ] YA EE o DA 0. 25~
0.5 A2 ALET BooNN THE I [E] ek b | SR 5 IR FFAAS 7R
a =128 —8m, 1 ANN A1 BNN (#3150
[i) do 7R Ay R U IS PR AR B R (R T B E] S
Tk, AJLIE L, FIR BooNN BYHHE ] L8> A
TR M i TS [a] 2 H EGAf ] BNN 2 3~ 8
%, DI, A7 T BNN, BooNN 5 50 fg 35 0 kS )3 B
7SS NIRRT SRy 2 e p = D 51 752 o
TR AY B PERE

4500

4000] —m—BooNN ' -
—e—BNN
3500} —e— ANN
3000 |
= 2500 ]
& 2000 |
15004 1
1000 I\’_\—‘\./.-/—‘.
500 |
0 - - - -
025 05 075 1 125 1.5

BWE
7 A TR (8] AL TE o AP AT B

Fig.7 Calculation time of each prediction model with o

5.2.3 EZhEy M AR R A RR MR

V5 25 Sl E DO 71 i T 3 SA £ 455 67 A 1) 00 A
M) 7 651 £ £ FUINN , 445 78 o 0 £ 174 3000 45 SR =2 fan Y T
P33 B 2 1) FE I H I A RO 45 2R . B s e



B OFENNEK K R, % Ehi i M A e A ST ]. B T AERT IR, 2019,38(1) :31-38. 37

R 2015 4F 12 A 1 H G Bdi/E o w5 4E Sk
WEFEXTGE , 32 Sl H Do 67 ey T ()RR A 8 TR
MATTIN 25 50T LU, 32 20 e R o 35000 671 47 il 26 5
SR A7 faf RH R 2 R ALA BE , AR T 4 B
U, HH IR T A SC T4 32 20 P H ) £ fr 5 00 A 754
ORERN

950

900} ===~

850
800
750
700 ¢

SRS/ MW

650 \\
600
550

0 4 8 2 16 20 24
I A] /h
P8 2l ic HL 1 £y ) BTN S8R
Fig. 8 Load forecasting effect of ADN

R T S A b S AR ST B A B AR (45K
IR, R Z A AR A X = shfc B X A T 6 far T
TN AR AR (%) P BE 8 2 bR v 2 AR R 22 ( NRMSE
(%)) PR ZE (ME(MW)) , 05108 (R?) it
ITHER, g Rk 1 s,
1 JUFER IR £

Tab. 1 Error indicators of three models

ity sl R*  ME/MW  NRMSE(%)
AR AD 1y ANN 0.775 14.96 9.72
AN AD B BooNN  0.853  14.18 9.21
%R AD [ ANN 0.921 11.56 7.51
#%J& AD J BNN 0.971  9.77 6.35
[ AD 1) BooNN 0.974  9.56 6.21

A FHBEHLS A AD B IEAS SO §2 Y 3=
Sl e L 0 B I AR Y | 30 I R SR U T — A ks
R B Ay e, R A BEAIL AD i 37 57 47 50T 30 T
JEJE— A PR APE R BRI, R B 8 T LR
Hy AR SCRT i HR ) S AT T 77 vk RE A s 2 LB SR
FEE L SEPRE A TROR L ZOR . a3 1 5 AR
DU AL fy %ot Ll 235 SR T 60, AD i 1 672 fir 2 =5 3 i i
PO Sl A 7 8 — 8 53, % T S Sl H ) 7y 0 A
HHEERW, ERIFEROUT Sl 5 1 vtk
S0 97 A T LR ANN AR BLAT B4 OISR,
WA A s

6 #ie

ARSI 18 T A I P R SR B B, B T

P28 4 T s AR 1 B A T2, ST AD R SE 6 £ £
TR AT AR T S Sl I FR IR e ) B e AR S
ST o3 AT 00N B AL O O 9 o oA P SR
Ml o775 20 e R, S <7 A A R D W Xk P P i)
O JBE S M PR 807 O ZR AR Sl ok 4% 52 ) DR 3R AL 3
eS8 S W 7 R Pl A5 8 0 oA ke IsF 221 PP ) ) i
JE A T e 17 5 24 33 B AT B0 Y 3 Sl T H
P RO BT, % 8 S T R FH 8 B 22 10 2%
TIVER B ZEFE ST TN AT 4R TV 1 A% 48 4 Ay T ) A6
TR PERE o 38 ik 8 7 R DURCHE 4R ok R4 0 ECRIE
5 SR T S5 57 Ay A G 077y 1) FOUI 4 RE A Tk A A
JERER, BN 2 I Y S AR TINS5 A 67 T
BORPEAT LUEE, B AR NS D0 AR A B = T
T BT AR AT LA R S SRR 4 AD R
RTINS T AD AR 1 2 BB 14 B T

S Z 3k (References) :

[ 1] JEIHK, skflF, 7S, % (Fan Mingtian, Zhang
Zuping, Su Aoxue, et al. ). FIIECHRFEFITH AN
% (Enabling technologies for active distribution sys-
tems) [J]. "PEEHLTEZEM (Proceedings of the
CSEE), 2013, 33 (22). 12-18.

[ 2] &P, EWME, F 4, % (Zhao Bo, Wang Caish-
eng, Zhou Jinhui, et al. ). FINECHE IR S Kk %
J& (Present and future development trend of active distri-
bution network) [J]. LIRS AL (Automation of
Electric Power Systems), 2014, 38 (18). 125-135.

[ 3] %48, &¥&, #EM, % (Pan Chao, Meng Tao, Cai
Guowei, et al. ). EZNECH M LHEFEZ HARELH
X ( Multi-objective optimization planning of generalized
power in active distribution network) [J]. M T.HLAE¥
i R (Advanced Technology of Electrical Engineering
and Energy) , 2016, 35 (3). 41-46.

[4] 5kafe, wiH 5k T3¢, % (Zhang Jianhua, Zeng
Bo, Zhang Yuying, et al. ). F2SlJC B R0 O B4k ] A
S5t RRE (Key issues and research prospects of active

SN % N = ¢
(Transactions of China Electrotechnical Society), 2014,
28 (2). 13-23.

[ 5] K2, L& (Zhang Yiyuan, Jiang Yuewen). %
oy S o 15 A H T /NS E AN DG A £ 2 XU 4 4 F 5T

(Research on promoting wind power accommodation with

distribution network planning) [J].

multi-type demand response and day-ahead hourly price
optimization) [J]. HL THHEHFH A (Advanced Tech-
nology of Electrical Engineering and Energy), 2018, 37
(1) 57-65.



38

BT R RE BT R

538 & 4 1 4]

[ 6] W28, E44, R#FiZ (Tang Yi, Lu Zhenzhen, Fu

[ 7] tmHE, WEWH,

[8]

(9]

[10]

(11]

[12

[

[13]

Xiangyun) . J& R F 3l 7 faf i 1 43 A3 =X e PR TH 90 19 75
SR N 5 (Demand response strategies for promoting
consumption of distributed power generation with residen-
tial active loads) [J]. M RSG A 3L (Automation
of Electric Power Systems), 2015, 39 (24). 49-55.
i, % (Yang Lijun, Cao Yu-
jie, Liang Jingzhi, et al. ). &g EAR A5 K i pf
AT Y 2 S C L MRS K &2 (Active distribution
network fault restoration based on game theory in demand
[J]. M THBEFRHEAR (Ad
vanced Technology of Electrical Engineering and Ener-
gy), 2018, 37 (4). 1-9.
TR, XIZEAS, TR, % (Su Xiaolin, Liu Xiao-
jie, Yan Xiaoxia, et al. ). 1 K77 R W N 1Y 3 3 Bic B
[ %5 1] 471 17 7500 ( Short-term load forecast of active dis-
Hi 7y
%4 H shik ( Automation of Electric Power Systems) ,
2018, 42 (10): 60-66.
Y, BB, G E (Lei Tao, Lv Yong, Ma Shu-
hui) . BT R R 318 09 3 3 e e R 38 97 ey T
Wl (Mid-long term load forecasting of active distribution
HL ) 5 3
JEHEUR (Power System and Clean Energy), 2016, 32
(9): 22-28.
T, SRER, ®/05, 2 (Yu Daolin, Zhang Zh-
isheng, Han Shaoxiao, et al. ). 1 K/ 3K M L () El-
man-NN 55 1 57 Fap F0 00 B2 780 B 58 ( Study of short-term
load forecasting model based on Elman-NN considering
demand response) [J]. HL LHBEH AR (Advanced
Technology of Electrical Engineering and Energy) , 2017,
36 (4): 59-65.
XI5, &%, B, % (Liu Huijia, Guan Xin,
Chen Bo, et al. ). 5 [&Fsh75K 0 3 ) ECH M 5 i
Il (Load forecasting for active distribution network in the
B RGP S
( Power System Protection and Control ), 2018, 46
(10) . 68-74.
B, PME, ARREYE, % (Zhong Qing, Sun Wen, Yu
Nanhua, et al. ). F=2lHC AL RELR) o A9 4 fer B0 5 &
FL T (Load and power forecasting in active distribution
network planning) [J]. WEHEYIL T2 (Proceed-
ings of the CSEE) , 2014, 34 (19). 3050-3056.
Garulli A, Paoletti S, Vicino A. Models and techniques

for electric load forecasting in the presence of demand re-

response perspective )

tribution network based on demand response) [J].

network based on improved grey theory) [J].

presence of active demand) [J].

[14]

[15]

[16]

[17]

[18]

sponse [J]. IEEE Transactions on Control Systems Tech-
nology, 2015, 23 (3). 1087-1097.

XIZEAS, TRk, [El e, & (Liu Xiaojie, Su Xia-
olin, Yan Xiaoxia, et al. ). TA[[W] =l R F1ES B 1T 3%
B4 3= BhC H 2R 45 0 17 W ( Load forecast of active dis-
tribution system based on active response and electricity
[J]. ARG LH A (Proceed-
ings of the CSU-EPSA), 2017, 29 (2). 121-128.
B, sk Sc g, AR ML, % (Zhong Qing, Zhang
Wenfeng, Zhou Jiawei, et al. ). F 3L W 43 )2 5040
PEHI R Mg S SEF ( Hierarchical and distributed control
strategy for active distribution network & its implementa-
[J]. ERM$H AR (Power System Technology),
2015, 39 (6). 1511-1517.

e, XZR, B, % (You Yi, Liu Dong, Zhong
Qing, et al. ). FBICHL AL AL BE SR MG 5T (Re-
search on optimal schedule strategy for active distribution
[J]. ARG Ashk (Automation of Elec-
tric Power Systems) , 2014, 38 (9). 177-183.

Paoletti S, Casini M, Giannitrapani A, et al. Load fore-
2011 2nd
IEEE PES International Conference and Exhibition on In-
novative Smart Grid Technologies [ C]. 2011. 1-6.
Z=we, B, B, % (Li Bin, Huang Jia, Wu Yin,
etal. ). FETIMERHEEIESGAELH AT H 1
i fef 5 7 35 ( Holiday short-term load forecasting
based on fractal characteristic modified meteorological
similar day) [J]. HLM#ZAR (Power System Technolo-
gy), 2017, 41 (6): 1949-1955.

iR, fEn, Z2EZ, % (An Chenfan, Du
Zhiye, Li Huihui, et al. ). JE£TZ0-& AR BP #1122
2K 500kV 52 Vit i HE £k B P T PR BT DF-Al O 15 AE Y

(Study of 500kV AC transmission line electromagnetic en-

market )

tion)

network )

casting for active distribution networks [ A ].

vironment evaluation method based on combination em-
powerment and BP neural network) [J]. H THAEHH
A (Advanced Technology of Electrical Engineering and
Energy), 2016, 35 (3): 62-68.

KRB 4 RKEE, A, % (Ma Tiannan, Niu
Dongxiao, Huang Yali, et al. ). #&F Spark ‘¥ &£
A5 & 1,,-Boosting [ BT 1% 7347 =X BE U5 28 ¢ 8 HA £ for
TP ( Short-term load forecasting for distributed energy
system based on Spark platform and multi-variable L,-
L Y $2 R ( Power
System Technology) , 2016, 40 (6): 1642-1649.

Boosting regression model ) [ J].



B OE NSRRI, F EIEAEMNEN A TN 1]. B THEBEHEAR, 2019,38(1) :31-38. 39

Research on short-term load forecasting of active distribution network

GUAN Xin', LIU Hui-jia', ZHANG Zhen®, CHEN Bo', LIU Shi-xiang', HUANG Jing-guang'
(1. College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China;
2. State Grid Yichang Electric Power Company, Yichang 443000, China)

Abstract: The active distribution network guides the people’ s demand response behavior through the market mech-
anism, and the load characteristics of the power grid are changed, which in turn reduces the prediction accuracy of
the traditional load forecasting technology. Considering the calculation and analysis of the response load based on
the traditional load, a combined forecasting method for active distribution network is proposed. Analyzing the char-
acteristics and patterns of user response, and considering the factors that affect user response and parameterizing
them linearly, a response load forecasting method based on a responsiveness assessment model is established. The
traditional load is decomposed into seasonal base load and the residual load. The base load is predicted by similar
daily load forecasting technology, and the residuals are predicted by integrated neural network model. An improved
neural network combination forecasting model is established. The time-varying response model is used to simulate
the active distribution network load data set for simulation verification. Compared with other load forecasting tech-
nologies, the experimental results prove the validity of the proposed load forecasting method.

Key words: active distribution network ; active demand; responsiveness degree; integrated neural network; load

forecasting



