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121245 (long short-term memory, LSTM ) ##7E 471
i TN S5 s (6] Py 31 S0 7 o] O 4934 o sl 2
i, SCERL 11 4@ T —FpE T LSTM #2241
B 8 P I F, g 0 A IO 75 %, ) T LSTM 4 B 7 fip
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25 TR 3 2 2T RN 1Y 2 B T A, I B T R AR S B AR T
WJrik. &5, P A TR LST™M A H i 19 &
GEREAR ; 3R NZAERE v S B ) D AR e SE i 3
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PQ ¥dEIR 2K, X TFESLIKBM PQ KB
Bl , AT I3 — e B B | B S R SRR R AL
Wi e R 2, SR )5 (] K-means 82577 1 i
17 PQ RIKEHREHI 7326

LSTM A 2 50K, KR BB R 2
PQ SCIR B R Bt 2 3 98], 0 a L )
IR 50 4R B R 435 F E LSTM PR BE 2% 5] W
CRREED T S A I AR rh A B B0 A R s R
SEI LSTM 25 11 5, SR J 1l FH 3 42 b A & A B
A B0 5 i LSTM ) 45 455 8 Yy T 0 14 RE 1
i, BLEWE IS LSTM T Al

PQ BB T, 3R HUA o FE B BL H i e, 19 ) 2R
555 TR 32 T S50 AR 67 A T 80 , - S it 3R 2 2
FLPT B 25 LIS A S A SR , 368 F 2 58 il 2k
BRIAH IS 2 7 B LSTM [ 285 455 1 3 47 it ), A5 28 i 113
BV A2 4 [ e, 100 R R o B A 4 A B4 TN 5
i
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2.1 K-means B ¥t

H T L A B 25 T A B A [ B ) B 9 B
22 (6] P i 52 B L AR B SR e A B s R B A,
AR FZ 48 7 1) K-means A8 RS0 IR B E R
AHCLRE B9 TFM e b , PRI IEE, 7 S it P, e 5 2 T 00 %o
G B AR 1T K-means ZEIS{l HrpRR AR T 42
T RIER AR —2 AT 8 AR G L R R
) TR R

B AL K-means JEAp): i T RB K {H AR
WEEHATHE , BA — AT S, B — 5k
Fe, A SCR F e B R BOE AT AR 2B K, (H Y
TEHUE -

X TEARE P RFREEA S P, & LRI AR
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g = c—a (1)

max(a,c)
Hr, a NEER B, RIE P, 5 F#HAEAS 1
FEEY; ¢ A B B, RAL P, 5 BRI HEA K
FRIBEE
BRITRBIE XA

= L _p?
Dy = Argmin E l ¢g-P;| (2)
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o, g AR D, PEIFEAREAR , 0 K D, hEIREARA
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SR BT AR (O BE BE ZR BT, BT 348 P2
BEAKS, HS e [ -1, + 1], BEPREA I B ik
ST, LA IR R A 0 TS A, T S A, 3 S80I ik
i
2.2 KiEMHEIZHE %

LSTM 1 25 o 245 S — o 25 T 39 Ff i) 47 o 222
% (RNN) BIRBES: ) S5k, th Fie 12 it il e 4l
(R AT AR 15 8 2 LSTM. [ 4% £ 8K AA5 e, Pt
HCA S A R (7] 9 A B R
BT

LSTM it 25 9 £& iy — A~ A 73 35 45 B 48 17 19
LSTM £ Jil 2 70 4% 452 10 i, W [ 2 i o, FE 3 A
LSTM 4454 rh, LSTM BBk -+, €.y,
C,y Copryor} B, B2 P NE RS EIA
(IR AGAE LA —BE B 15 BN — 40 i 27T
T T A TT , ELAN 4N M0 26 50 b oAb 3 43
A AR A 2k 44 S TBE . LSTM 48 i 24 55 P 34 45 4
i, LM — e ] G A A Ve B M B
VAR 2 T A AN 2RSS 1] R
R 125 0 428 M 3 o 0 45 0, g — A o R 4
[0,1] X [a] Sigmoid pF %A 55 3 BB /F 4Lk, 1~
LSTM 41 s o 440 & st s I T R A T T e 1, 3T
£ B B TE AEFIATHSR(3) ~ (8) RIE™,

B2 LSTM 4058 T R EpL#

it il ] (forget gate ) A 0 LA b —~ B0 K 1)

h, , FIAS B CHG A x, % A K Sigmoid pR &, H.o4
C,., W ®—I A —ANE[ 0,1 ] PRO{E, F DA il
E—-BorRE G ERE, B 2, f, & Sigmoid
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BRI 1«

fo=a(W, e [h, %] +b) (3)
P, o Oy Sigmoid Jih B, W, BT RBCERE,
by A EI

F AT (input gate) FFA1—~ XU 1E ] tanh
PRSI 7 4% il RS (5 L AT A o tanh 0T PR
FEAE—ANETRR R R R C,, BT R C, haE—I0
FEAE—AMELO, L] W BYME, 25 B AR B2
A HEA B IT PR SR 2 S

i, = o(W,* [h_,x] +b) (4)
Ctzft'cz—l-l'i’c't'z (5)
Cn = tanh(wc 8 [hr-U x(] ¥ bc) (6)

i L4 1] Coutput gave ) FI ke 45 i 24 1if Y9 B OTAR S
A2tk Aol R OTREEE, e
— T A —ANLE[0, 1] R {E, 2 il S eIk A g ik
UEHIFLEE

o,=a(W,[h_,x]+b,) (7)

h, = o, * tanh(C,) (8)
K, i,.C, 0, BB f, HHF, HILE A BE R
BOERE (W, W, W, K& (b, b, b1 5/
5642 ; Sigmoid F1 tanh pR%T 23 1] DLW B A
SEAE " 4R B0, 1 ]FI] -1,1] 206 —EfL R, H

25 H B R Bt e an &l 3 B
101 1
051 01

0 L T T T T T _l L T T T T T
=40 =3 0 5 10 -0 -5 0 5 10
(a) Sigmoid (b) tanh

B3 Sigmoid 5 tanh % ph 2

2.3 BPTT 5 Adam &%

LSTM T4 B 27 ] I 25458 2 1] o A R il B vk ]
[ 1 444% (BPTT) 853%™ R BRI T,

TR WM E, RS R E
K (3) ~ (8) H LSTM 4 i ity Hi 4
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I} (6] 747 5 B B IBUZ A 5K
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S ) R R AR 2 P O pR RO B A TS . (A
I, g LSTM RS vh e 22 0 AMRAR A , ] st
HARUERS TR B RE 8755 Hb A T T He RE L MY 221k
T , 7o SR 2% AR Bt DA K R B [ B A AR U HE AT
H—AfeAbT,

Xt ' R R 7 A AR R A R e B TR A
PROUSHEATIH— A B, K (9) ¥ HIBFRZE [0,
1] Z0E, 52 %F0, 2 LSTM 4571754 5 () i BB i 4
FEOR TP Kt o I — AR , AR H AT SR
Wy B S P RE B R, R RS (10) XH#EAT
IH—feAb 5,

g (9)

2 =x X (X — %) X (10)
2o, v o 30 F R I8 — KRS B 18 AR T U,
X~ X PEBUS HEARTIAE P 0 AL N K S i
/NRRAE
3.1.2 HfgmERERE

S SE B £E Y B RE T A TR o RE, A AT
LSTM T il %9 4% B Y1 25 , Pl LA B L IE 52 i 3 F
LSTM A7 () H, flg Jo0 o 790 0 o3 2 7, A% SCEF X
i Hi, ) B8 R 2R DA % 7 o PRI R ) L i TR 4
e A0 ZI X R BE R R g R DL LR R
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FEER B RO, LABLH S R R BB T BT 1 1)
BT 40 B R 5, T RS 2 G R i 2 8
Koo FIRIZR(L) A1(2) , HIAT 50 M 2543 B R 4 o
i BAHE AR B A2 BB K, #E[2,8] =2 1A
mF, H BT A R RS S, i 4 TR,

0.86
0.85
0.84

§ 0.831

# 0.82
0.81
0.80

2 ] 4 5 6 3 8
K

P

B4 REABSBEABXR

HiPE 4 77 L, 2508 K, BUE Y 3w, Fxtpi
TR0 B 2R S LR A, B LA SR AR BB K, 100
3, ZAHRH] TEH0 JRGE P AT REEREARE 1) SR 2K
BMORBRAF. AR)E , WA K-means 3535 i B HREHR S
BK 93,3358 K ARIIRBIE T O i L RAEAT 8
WEERE BT RRLES B MG KT
B 43 ) B RAT
3.1.3 Bl

XA AL B 45250 i D7 B (L E &5
i PR 2R LA K% H i T R 8 AR TR ) L S gk AS AT
SR BT O L) R A LSTM IR 2 S iR,
P T BT R B i A g sk B0 i e
R Bt AR 1) S B A T2 21 I 2R LA A LSTM [y
LI N BB B, S, N R BT AR A
LSTM A5 70 ) e, fg o 2 9000 1 A, [ A 7 S it T
WA I EL A4 7 s 500 AT I VAl . BNk, AR e S
T e LR B R LSTM 5 A5 280 ) 7 sk B 42 )
T HATHAE T8 o FETF— M50, A S0k
SR FH 1) P Rl R o 77 S0 e B R )M a1 3 S D
SRR S EE, R E A2 5 T s BOR R R
70% 5 30% . X, BE AT ARAE LSTM Tl £ 41 AT LA
Fu 43 2 D7 SR v 4% S RN e AR Y

MR PEAN LA , SRR 782308 2 BT 2R 45 B A5 1
REVEA A R
3.2 ETEE LSTM BEp Bt RETNE %X
ARG 7 4 R R VI 2R 4R v B 52 A — R B3R
S4B Py i A AR AT H B R AR AR AR P SR, T
1 B AR S C L W L RE SR F g LSTM R B~ >
BERIB R4 25 . TR LSTM Tl o 4 454 1 8 £
Z5RINIE S Bis A E AR R E R E . H
" LSTM o)z, B — 4 M ST iy P R 40 25
e 2 BiR .

PN

E5 LSTM M4 PQ Wil & ik

SRR, gk 1 v o SRE U, R Tl
FAZRE LSTM R I BB AT DG E )AL M
{14 FEL R Jo o T ) B AR S R

F1 ETRIELSTM &34 ADN BAERERNKEE %

PQ T 5 S B 7R
1 EECAFRRR PQ I s ¥l
P F Clustering () S8 K-means B 2584
Fori=0to Kbyl :do
PRI i 28 PQ Hdis
V8 FH BRI %Y series _ to _ supervised( ) :do
W T RE Ao ) e 370 e e g WA 2 ) A
Bk HY PR %Y series  to_ supervised( )
DEHUE @ RN 2 S HE
H5 @ 28 PQ B A B ISR AR Al il 4R
RO B 2 ) HdE
4 Sequential () ;do
H i Sequential () W Fi il A5 2
9 AR LSTM() ¥ 2Rl
10 HAEHL Dense (1) #nBIHREAY
11 {#H compile (loss = ‘ mae’ ,oplimizer = * adam’ ) 5t
iz Rl
12 AR REL fit() :do
LGP, Il 2R LSTM LR
13 End

W N = N

© N otk
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% | LR AR, series _ to _ supervised
()2 M2 2] L e b i — R R B FE T E T
Ab B B) R SR , TR SR Y B — B i) 25 5
ettt Ay T IR T 25 ) B [B] 77 81 5 Sequential () J2&
REE: 3] Keras HEARH 19— 42K, SEICH — NP5
BEAY, Hor Keras HE4R 22— JF I8 09 = BE RS ER A 1Y
WEF I E R LA ; LSTM() R — e aE
1~ LSTM £ 58T 9 Tt S At A2 2, LA 5 4 T
AL R R & B — M E TR,
HWR, HEEV R AT, B ORERE b e R A A 2
Pt ; Dense () BB AR FR LSTM W &% o fr) 4 3% 4 B ik
2, LR IR e R AT RS NS
compile () BIH T4 it AL, AT LK IR AR Fe i B
1688k CPU $hAT, B8 mae” FI T80 SE 11 2K
BRBUE ; B8 adam” ORI IEH LIS %, T
SCIRAH BE LAk , T (A R 2 B Y O 1) T R fit ()
e R HAEHTET I RINGETEMHARS
HirZBIMEREXR
3.3 PR LSTM Fll#=E By RE 1T

e BTG 2 SR BT s SR 28 LSTM AR B 1) 3l
WIPERE , — 5 T 75 %2 HE— 25415 B A [ 288 301 vh 22 5048
G381 J5 A7 B I A Rt AR A T RE A
HLHi S BNk 2 h RS R s B — L%
TEAR RN BT B B 2% BE | JC DA TR0I 5 51 70 A LA S B ik
TRERMERE . X TR e b, T L MB B Bk
4 6] 2 2% B AN 255 () B % AT, Ao () S 2% S T
L AP TR ] B2 B, 7% (] &2 4 BE AT el B0 o T
SFLHLPIAF 7 T BB

F2 K LSTM BB RE T SRR %

T RE VTG 2
1 TP AR v 2 g R 2% i A 85080
2 i Fi sE %L predict() : do

SEPLELT LSTM #AY Y PQ F8 b1 Fil
3 REUINCER o] I Y He B R A FE A I sk
4 Forj=ltombyl; do
5 EHIRAEL rmse( ) :do

THASE j U0 PQ FE bR I E B A By T b i 2
6  JHFEE mae() do

LA j U1 PQ FRAT PTIN {EL ) -2y 2 0] 15 22
7 End
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53k 1 iy R2E LSTM T4 Y il 4 it 2 4
XF L, X TR 5 25 PQ F s B T
AR N X A i PR L B AT S R e PR 3R B R AR
LSTM Tl A5 84 ) iy A5 B, SR J5 i i 3 predict
() BT 3T B 8 R M E& U 2 i LSTM TR 22>
REAY (1% Fi B o A8 s SRR (B 5 %) T LSTM A% 7Y
AR R S R BRI RS AR AR, B Ak 5
VAR Hr ) R BR T 6T 17 147 R R T R 5 A P sk i i
AT HeX, 3 A 36 H rmse () PRESCRT mae () BRECHHH:
B ORI 4a iR 2, 50 E e, —2 it
X AR 1 52 2% BE A A, LASE ISR 2 LSTM. Foiil
BEAY (PR BEITA .

PERETF AR L Bl b, M S RIEFTG R A
LSTM FHi A% 761 fry i i 4% SR 2 Xo) 58 2 P e LA B Joi)
{RR 22 W SRR 1L , 16 FI S A T PEAR 013 Bk i 3
FHiR2: (RMSE ) fi¥5 77 i% 22 (MSE ) #8475, H it
R/NG= V| )

Eruse = \/

1
Eyse = W

;[%‘5@]2 (11)

M= ==

ly; -1 (12)

2, oy, Ay, 4350 T D A R 2R A 4 v B
J R AR AR A g s P B R 5 LSTM A58 R WL ; N
I PEAL B 58 AR DR B B R, @
IS o

4 HH

4.1 FHIREIR EHRIRE

A SEGT A BT i LSTM i A 2 45 2 e A
Ap B J L RE TR TR A (EL FAT BRI S RF 1 T B 25l
W4tz tr st b A Rk, 4301 TEEE 13 35 G0
HLI R TI AT O FR 8 A M 45 284, 2T Matlab/
Simulink #4452 o M58 00 B R G0 BB, R 4t
U AL TR A5 G A E 25 B 40 0 B8 R 10,5 kV AT
500 kVA, 4Nl 6 fiin., FRgH, IS DG £3)
Fic re I P 28 AT, 7RI 13 55 Ak I P e — 1>
10% Z G e A B GIR DC B, 167 i1 2 Ab A
AR B O A M I, SIS T O 4 5 0 e



DA AT HE2E LSTM PR B2 S R (Y 32 5 5 el o el B ok 0

fiE o = 5
3 4
{ » LDI
i
6———» LD2
% -— 2 5 _8|'P LD3
QD= Hl o uos
G 10.5kV 10
LD5
G HLHL 11
DG: 73 A 24 HL | ——» LD6
LD: T4l O
PQM: PQIEIIAX 1|2 13

Couble-click
to open parameters .m file

Irradiance
(w/m2)

HNEBAB FENEZGR THRAGWAZR
kit F BB B SRR AR S, i T AR, L
Py B G AR B S AR T L ) i AR IR
BERDLIR S Mt &, BN IR N R A2 1k
VLR YR DGy Semifa i Th, (B, H by
TRBUERE B0, LUE & BT 76 SR A4 e iy AR I 52
B0 5 PR W0 26 B i SR 90 S B 2018 4 7.8.9
=N A A B B BE L BE SO VR AR A AR
Myl A S EE. Hf,8 A ar 3 B3k 21
) Wt A B RR E S ARtk il 2 an 1 8 T
o [N WEEIEI Y LD1 ~ LD6 5 R AR 2 |

Saopett

—Ji3e

Temperature  Saturation

(a) JEMREE
E8 21dpkREEMBRESHEXERL(8 BH)

SRR 73, OF B BT A T Aoy R E i A
£ 75l e R T S P 5 D1 AR B LA B I 2 S5 4 102
a2tk

e, 3453 3 4~ A 92 ARG R R MRS
T A T BT H B . B T HER, IR AR —

T Bl

el ¥ = .
L ™ B b
= C > V}
3-Level -
1GBTs Bndge

ek

2

A ('C)

(b) IREE

HN—K 24 h NHY 24 AR AR AR IR B A5 16 A 08K
HE o HHE 3. 1 /NS P RO 0 WU MEN , e 7.8
AR BOERSE G i A RS i R0 B BE R AR A
FEPRIEGER 1 S LSTM T AL AL i I 2R 46,9 A
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4.2 FtE TR ERE

S BrIE T e AL T IR 2E LSTM il o1 52 T 452 7Y
AR AR , BE B ZE 4 F [ 78 30 F- 5 (ARIMA ) | BP
WML TR LSTM ST B AT % b4 4t o
IR AR B B AR ROCER E N T

(1) ARIMA : 55 {1458 5 o 5 5 L 1y — 7 I DA
AT B} 1] 5 T () A5 2, A R S 9 K 3 A~ S 4 (p
IR B B0 88 A B 09 i J 80, AR SR B P 454
T B HAT LI 22 20K G A e da i , ¢ IRFR A 1 Tl
MR 22 FFE) o ASCR MR AL A ARI-
MA(5,1,0),

(2) BP Pft 25 0 2%« A Sy i 740 S) 457 280 o 28 1Y)
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Power quality prediction of active distribution network
based on clustering LSTM deep learning model

Weng Guoging, Gong Yangguang, Shu Junpeng, Huang Feiteng
( College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023)
Abstract
Aiming at the time series and nonlinear characteristics of power quality (PQ) data over a long time span, an
active distribution network ( ADN) power quality prediction method based on K-means clustering and long-term
short-term memory ( LSTM) network is proposed. Based on the LSTM deep learning model, a large number of pow-
er quality historical data, environmental factor data, and load data are clustered by K-means in the form of multi-
dimensional vectors, next using the LSTM deep learning models to train and evaluate for each category of data, and
then using the clustered LSTM network model of the completed training and evaluating to predict the data of the
steady-state indicators of the power quality of active distribution network in the future. Finally, through the IEEE-
13 node active distribution network simulation example with distributed power supply, the simulation results show
that the proposed clustering LSTM network method has more significant prediction performance than the time series
prediction method, back propagation ( BP) neural network method and standard LSTM network method.
Key words: power quality ( PQ) prediction, deep learning, long-term and short-term memory network
(LSTM) , K-means clustering, active distribution network ( ADN)
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