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A Daily Maximum Load Forecasting System Using Chaotic Time Series

Jae-Gyun Choi, Jong-Kcun Park
Seou! National University

Abstracts - In this paper, a method for the daily maximm
load forecasting which uses a chaotic time series in power
systen and artificial neural network. We find the
characteristics of chaos in power load curve and then
determine a optimal avbedding dimension and delay time. For
the load forecast.of one day ahead daily maximm power, we
use the time series load data obtained in previous year. By
using of erbedding dimension and delay time, we construct a
strange attractor in pseudo phase plane and the artificial
neural network model trained with the attractor mentioned
above. The one day ahead forecast errors are about 1.4% for
absolute percentage average error.

LAE

A7E0l 2| Aol EFol e ANE,
Hesnslz oEll a2t ARe] =0t Hxla aldt
I oloiMe] WLk Jpisa Z22 o) 7piel
AlBo| 238k ct ololl ool F, SRY Soff chst
o] Alg uEgilol el ci=d Lekin 83l
Huboe] 222 oS0l Aol Tl AIBE SZsH
ZoPpl= Rlo] &1 et

o2{sh AlEEiR! a0l iz} TR £ clRe| YR
gl MziME shesi= o] ol visl Hi= of2ifl X[
ZiRich ool dislod TE R ofF0] TH AlolM
iKPBl= 2eME 1 ol afEct HX|D Q] 1 olgs
{Rexel Dol ol wEe] T ojuxiof citst
22710 Q19 Y 2 x| &lwo| of2i20l oiE 2X|
Sollz 2780 MY shiEe] AN FH2 #8159
OFHY QFE SAld SIEAF] 0] 2hiMe &R
wMshl g T2 £2F HCl Yepi diEsio] o
oh= Mg sk Zdo] 2Rde] BWYoRIm oPix[Y|
ufSoch.

E =2oliE | MY £ olS0] cishiA CIERID
ol olE £ YYU(22A) 2 M o582 F=2 CIF
24 OIEZ 0|88 oIES AlT3IRCh Aol A
CoIEIE OR8] AttractorE IR O Attractor2)
AEE lFMFsl=YoR kGBI GIEE AZBIRICE

Hnge
2-1. (haos
22 o 204 Alojoll  wiME  S=HNont inear
Dmamics}iOloll  M=ZE g9l  olEo] SFSIN

of2{Eololii st e R 2| ciyol & Ut of

Kwang-Ho Kim
Kangwon National University

FioA pialo] Wisk= R o cisio] 53| Xied2|
22| ol alokziict. of X BYE KoM H2lE
Yolz FE ofEE & gl NS, KIF S0 apie]
252 MANEXME 27t #Hg Feskl or
ofoii= olxlz #E2] 801E M7 QUs H¥okt 1
oMz st IBE Holn Y= Eopt
ofl& (Prediction)=20F 0| FTHWE) olF, &8 oif &
ZH| 2ojolM TS ot MWD /ot olafet HotEn
FABI APE doElE ciEcks Y8oM T $2
oz} Alekst FAKJo| RUch  OR{E ADIZ CiOlEE
0|83 thaos CfIF WOl ChsiiM A EEH 9ix{ 5jA
Yy IS P2 §3g g = Uch

- ZHEX() ok

- S YeE uln UCt

- 7] oiBo| Brkssich

- Xp7| fAKSIE 71X UCt
x10°

g

[N

-

0.8

0‘60 50 100 150 200 2,’;0 300 350 400
1.

3 1. U Echest SMIC W) 1980

2! 10M & biel Zo| M e IM(Y 2 23t
M2 13U F7|2 FAKE o= Fx 7iX[2 oLt
E491, oE Sof Ao} siEvie] Wit £, T 52|
Heof aigh EX18 elle| Hopt Wisio] of=o] o2
YENE u|D Uck(BEHY, 1Y)

T YskEoz of chalo] ieAME JIXIn Usxiel
REE R et WHER ol Jkxp Aok 2
o170l OIE Fourier Spectrumd} AttractorZ OIE310{
IRA ME HESIRIT 7I12ANME 2 Foll= Wel [-Shaped
Attractor S 51T 222 HIEIOE o2 WSIRICH

2-2. 53} JMe| B 4 71A

A 23 10T Bl of Zo| Y Alr) §51 M2
1IFUE CIRIZ o RAKYE ZIXID USE & & Uk
U 251 I Mol| CHaA] Fourier Spectrum@ 8l B 38
2} 22 YEE LiEkict Ji2A40) JUe FR, O
Sectnm@  [YHo| HX B ERE LEkE Zo|
30|y iAo gi= FSE ofd YW FHoet

-578 -



EXE Hol= JYS LEikic) nlepd oY 20
ke 7124 |YH0| EXgE ¥+ Uct

q

-
S

MW%MNW&M\W“ YN'»’&)QA%“\“T‘}W"

0 100 200 300 400

7 2. 535t FM2| Fourier Spectrun 24

2-3, Bt TIH{Strange Attractor)S} 74

Slal Offl AlARIOH Ciiet ol (&R A1) BYME Y
oo 7O ArgEel s%siDmamicsio]l  FOIX(H
AlABI] DRIBIE OIESH= 22 2 Yook Dt
23} olBolnis SEP Y £ Qs FEE IR HE, B
AAIE dlolel(Time series data)¥oj=2 0| MW VK|
state space phase plane@ THMSIGICE 8ok YTt Phase
PlaneO! IR & 21 Bx) AR 2S¢ A2 el
2E|0o[HM tTARE 2| MElE U 4 Qlct o x|z TR
22 AAY Hole{Z of Pase plaeg Rl diCiH
&g g U vk i BE WENME Rel
Aefold HESt IEE D2l AR BUissk TkiM
Pseudo Prase Plane2 T-J5j0d0r EIC o] Foll UoiM
A dioelz & aedding ditension®} delay timeS
FEiofor SH=n] 2122 N 2R Wes J1siRict

1) &4 erbedding dimension

erbedding dinensionO[2} B2 CHAH AlARIS] ¥H4o]
X4E Sl 2iez Foir dicEP | EXIY 52 2 -
SRE 22 g g 2 Uk} Sk 248 cpeict A
arbedding dimension® PER=] WE2| MOl HRHOE k-th
rearest neighborE P8 E False Nearest Neighhor'HE
Ol2814D I WS o|=3 = cignt 2ok
Fofl APIE UPEIE x(n)ORF 81 O] doEE
ax1Rie] Yz et 4 Uk

ymy={x(m),x(n+7T),....... ,x(n+(d - 1)1}
O{7|A1 d : Brbedding Dimension
T : Delay Time
FEIoERl ZF VectorE =01 k-th nearest neighborE
y* ()0t EckH
y(n)Th ol reighbor2t 2| FI2ICIA H2l= CiS3E 2ol
HH g oLk

d-1 .
Ri(nry=> [x(n+kT)—x(n+kT)T

k=0
O47|Af dlerbedding dimension)E EXt 14 F7slo] ol
coly ol Mol HeEPl ok e wE Ak
aibedding dinensionQi2h MFSICh 07 3B of oz
FIUS o] False, neighbor2| 7HSE percentage® TAIBH
Ziolch = False teighbor?} O Ol ZHASIK| Ob8 WHE

FYshe= 2ok

100
80

% 60
40

20

0

1 2 3 4 5 6 7 8 9
Dimension

22 3. Faise NHof| 2fst 2t

2) Delay Time@| A% )

lelay Tine2 2sHs BRI 0f Attractor® Tadsh=cl)
ol Alcks| Egst R4 ZEE Bict 0] lelay Ties
Hh= Sxioll= o CptimiBt who| A7=io] UX| 8871
w20l chistE 2} celay Tine2 WHRIAID 71HA el sheped
Attractor 2 PAISER QUCH

B =RoME 2 AERIe] mAMIES{Gossing RatelE

25104 Minimmo| & mhe} 242 T8lo] £ Delay TieeR
BIYCh At vlzsE CHSn o] Yofert,

Attractor® TSl FHol wigld B LS| £ -0}
ECLriRiA 2 BEez ojFoikls M WENE /.8t
BiRk kB 19E rIX] SOE AP CRE 7 o METle]
TRE AMslo] TR 12 LHeCh

TABIES C = (2 MEEO| CIE MERS] BXISSe
B

Ixiat ZEHS] Attractor2 St 0| AR 0l ZVA ECt.
100 :

80

% 60
40
20

0

1 3 5 7 9

delay
2] 4. Crossing Rate %

08

0'8.5 08 1 1.2 14 16 18

x ta*
D8l 8. Attractor2] T '
o2l oM BH delay 1, 7, 8 AR mxiEo]

-579~



I8 o £ Uk cBIHE B Tal 135 ,8u%)
Glole}h 8ixl Al 23t obsk UHS ZRIE JXin
USS & = AUtk oRle! DA delay timeo] 191 HRL|
Attractorg LIERHT QiC).

2-4, ol (Forecasting)

JIRA ol Yoz CIEEE 2AR she WiHoll
2t Glotal 7|20} Local Z[{e2 LiECH Glokal 28I
O|E 2B FA| Attracter2| XS 2AE} 5l Yoz
BlLE 80| #2 ¥itdol| vjaX 2 Erbedding Dimensioni}
Delay TimeS AFSI0 Jikido] B2 CEE XIL|2 Lol
e U steptilz IXIEQRI ZARERE Qs
LplsE ARRIo| Be chEe oxih B2 Aol
ECH= FEg XL ok 8 =2oi= 19 FHel 2
Moz AttractorE2 TSI 1 AttractorS  Neural
Networke g e52 3l YTt Global predictorS TASID
ojf dzo| AxRIE oI8sl 1Y cielz M2
Ho[EE SHE3ld FUTE £l ol +22 cisn}
Zch
step 1) 1ATL] F3F BMS dlolE{=2 Erbedding Dimensionz}
Delay TimeS ZFSIC
step 2) 2% TWOAOll AttractorS TM5tD 2+ =HES}
weks 7lepsict.
step 3) n-ioie] XEE oz mFHY wiE Bo=z
3l0] NS SHEARICY |
step 4) Sl5E HE vigtoz Gl Yzl U P5iatg
CIBAIZID 13 Cil2 XSS ARICE W] BH)

E =RolM AI2El W2 Adptive Bak propagation
Algoritmg ALSSID 2H2| RHEE 2kn 2} wie] Rg
24 Uck :

2-6 o Zlel 2y

eigE diojef7| cliBAzoCsl 1ER2] Zio|7] aiRo)
O AttractorE Y3 2H 208E J[EE0l it}
MAE o = Uck oieiA W] YA] NomalizeE g o
0 BfESiE k8 Do BB st Al o2
2ABl T £}

. ARl o7

2 =20k ARl Yoz 109ARE] 1991 IiX]
D Vg ol&Bio] 190ERE] 108UTR|e)] Rk #a)
M2 olEsidn 22 6 2 I3 il o ZEnS
ZABICE

x10*

185

1.6}
155}
1.5}
145}
14}
1351
1.3¢ !
1.25¢

1.2} !
1.150'

s 10 15 20 25 30

T3 6. 190 12| ofF Znt
A At M o=zt

Ui 1950 1991 1992
exlg( [ 1.389 | 1.49%5 | 1.53
%

v, ZE 9 o s

FI2ANE 0I83F Y i 75} CIEE VIEY lZ
A 2l=2g o8 Wiiolt AAIE sHAMHol Bisio]
22 ZE ek ot Yuixoz MY s2alo| HP
Fyel Yoz U dPEIE MYl JiE

‘Zj510{0} BH= SRS HOl= 80| AttractorE TAISITIA

HO{X|%= Frbedding DimensionO|L} Delay TieSe] Zap | iz
nel ooz ARBEiX?| uhRol diolefe] ME Al
et w398 NEsin ok = oE e 2Alke
Attractor 8 PAI8HE 2122 Vector2] XEZ SEZ0IX[|
upSol siAdPElE TME  Attractor} OlE Ao
Attractor@f= TEX] 1 HoixioiA] gF Xjop} Lin ol
22 His| nh2ol HiRH =2 2XIgS Ho|n ch
ei® Z|A Hrbedding Dimension2| AA%A| Lyapunov XLt
Correlation  dimensionS2 0|88} ECF XIS
Attractor2 M5l0] OFYE ClEg & & Us wyel
2oL Uesid A0l §3l o)y 4ol =2F ot
Xscr cig dxe| My Z7ig8 sl ¥k
St Qie] Fxlo| WRSICH # SIT0IM ALSSH Abptive
Back Propagation N2 $EY0| UTEPI= it a0l
RK= ARZIo] flo} Ze|n Hipl wWisiig of oict
2Hsl Folot sl= YiHziS0| U=z AF(fadial Basis
Function) NN 0S8t el YT n={¥ offFolct.

v. #a 2

1. M. Sano and Y. Sawada, "Measurerent of the Lyapunov Spectrim
fran a Chaotic Time Series”, Physical Review Letters, Vol, 55,
No. 10, 1985

2. J. Doyne Famrer and John J. Sidorowich, "Predicting Chaotic
Time Series", Physical Review Letters, Vol. 59,\b. 8, 1987

3. G. Gross, F. D. Galiana, "Short-Tem load Forecasting”,
Proceedings of IEEE, vol 75, no.12, 1987

4, BIFE —F9| 121 "H A R FNHBHRH ~OER" U=
Xolete] =2X( B, Vol. 114, o 2, F

R 6

5. AEE =, "t ADBHIKIK~OERA", OM

6. J. G and Z 2weng, ‘Direct Dynamical Test for
Deteministic Chaos", Euro Physical Letters, Vol. 25, Mo, 7, -
194

7. HsiaoDng Chiang2| 42!, *Chaos in a Sinple Pover
Systan®, IEEE Trans. on Pover Systam, Vol. 8, No. 4, Nov. ,
1993

8.ERZ QI "EBNTEO N A A EBE L RFR Y F Y-
& ZISREATIRN" =T 18l 8k=2X| PE-9449, FREE
9. K. H. Kim, D. Y. Park and J. K. Park,"A Hybrid Mdel of
Artificial Neural Network and Fuzzy Expert Systam for Short-
term Load Forecast”, 4th Sym. on Expert Systan Applications to
Power Systars, Jan. 1993

10. K. H. Kim, J. K, park ,"Inplaventation of Hybrid Short-tem
Load Forecasting System Using Artificia! Neural Networks and
Fuzzy Expert Systers®, "85 IEEE PES Winter Meeting

-580-



