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Curve fitting of excitation characteristics based on the least squares support vector machine
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Abstract: Aimed at the problems of slow training speed and large memory consumption, which occurs when the traditional support
vector machine chooses a larger number of training samples in the excitation characteristics curve-fitting of the iron core of the
current transformer, a new algorithm is put forward based on the least squares support vector machine. The algorthm makes the
nonlinear approximation problem transform into a linear approximation problem with the radial basis function. Based on the least

square principle and by using Matlab7.0 to solve linear equations, approximate expressions can be gotten. The experiment result

shows that this new algorithm can improve the speed of training and the accuracy of fitting and reduce the error.

Key words: current transformer; LS-SVM; nonlinear; RBF; curve fitting

BT TMT771 SCERBRIRS: A e v R

0 35

FT R A ZE (current transformer, CT) %k
O [P REAL TR ZR AU 55 1) B, (Bl Y A 3 T 2 Rl
15, B B Rk B H SRS, B/ aRGk,
o BUERMEAEE . BRILZANET X e B R R T
N LR 2 ) i & AR & hL, Hp AL
R4 N ELHE BP LR 45 F142 ) 3 bR B 48 1Y
2%, IXPRP T VEAS T SRR 2% I E 2% ) D) RE
K B3 F A PPEAR I, DA R AR k2L
LA H U2, 0 s R B A AR, S
R IRDRE BB T, ARG Ah 7 323 T T B 1) D 28 &5 K 2t
Bk, WERAWEENREE S, 0 A
By, —HRERESHMIEEAYER S REEEAE
SRR AN R AR A A ) s I Hos a5 2 G
AXWIRE . MG SRR SN (SVMD) HARE
A LAk a8, ALy ) U — A R E K )
s 5 PR Y = 2 N E 5 N A VI B2 92 5 L

1674-3415(2010)11-0015-03

o P AER 0 Sy A SCAR Y T R s
e SCHF ) B LR SEBL R 2 gU & DB S
ERA AT S N EHAE DAL T LA R
FEws ZALRE ARG, RN I R AT VAR A
SRABHLI, AT SRR R

1 RPN IRSFEENRE

B/ TS FE ALY (Least Squares Support
Vector Machines, LS-SVM), &3 ¥ EAHLI—H
ek, ARG SCRE ) B AT R RO A5
2, (AN R 22 J7 FIR BRI R IR 2
oA, R A0 RS b i 22 () — X 7 B8 —IR0T
o 28 SR A R I s A O SR A 2 M 7 R LI
1 i AN N O SN TR SR NN (T = =3
HREE, HRE T KA In) 2P T R R SAORE B
1.1 BRE

Z55E — M N DNNGFEAR S (06 i k=1,
2, =+, N, HPYIZFEAR n 4k & x;, €ER", yiER.



- 16 - LY RSN

HAE N ARENEWU o GO B A
R WU BIRFAEE 0] @ Cxp), XFERUEARLE S AR
LA M AT ) U A Ay e 4 T PR e A 3 ) AL
FEIXA re AEARFAE 2% [ v R 3 s G R S B 2
y(x) = op(x)+b (1
WA SR B I /MBI, T4k 0, b HUE R
M

emp

WA B, PR S TR LA A SR A
AR )

N
minJ(w,&) = %a)Twﬂ/%Zfz (3)
i=l

st.y,=0'o(x)+b+¢& i=1,2,-, N (4
Hor: (oo BB RIS » EIEMILSE,
PRI IR ZEREA R IE SRR o WBURE; ¢
NIRZEA R b AR Remp NRZETSHIREL,
L BRI R BB 5 TR R B R 1 0 R
B, TURBUKEEL, Huber $IE%, 4IEHUA
PR, TR AN R 2RI SRR L. AT
SR A5 2R B B0 5 2 PR B & 1R IR T

FH s B H VSR X AN 1) 7

L(o,b,&,a) = J(a),é)—iai(af(o(xi)+b+§—y,.) (5

;B\:EF‘: ay s kzly 2, =, N %ﬁ%ﬁﬁaﬁ?o *E
PEHERMA S 1 KKT (Karush—Kuhn—Tucker)
GRS ETP

|
R=5Ha)H +7R (2)

oL _,

ow

OL

-0 (6)

a_,

¢,

oL,

Oa,

CIEGES:
N
W= Zaigo(xi)

i=l

(7
N
Zal. =0
i=1
Hrp: a, =Clop(x,)+b+& -y, =0,
EXEEP(x, y,) = @(x,)o@(x;) A2 2L

SCPFIRRRER . A B A R AL et Iy
PR o

0 1 cee 1
! PO @
1 gy x)+— = ¢l x
@x %) ) Px xy) al|n
gt ) ety m)e (L4 D
Ve

RN TRk o 5 b, BFEL A
B,

f(x)zﬁ:aigo(x, x)+b (9

1.2 XFHxeR Ea9EE

LS—SVM [HELRMEHLA RE ) # 2l “ A% m
7 ORI, A EAR 8, R
SHIAFAETE, LS-SVM 5t Toikis 21 il &
R Bl T ) ) 4 e 7 2tk o 2K i Rk 2]
i/ NRIG RS, JFH, e Bl kR
PEAS AN P17 250 0 LA IE A e A e IR B ER AR P05 3L
Fo LB L Mercer 54 1K) B B S A% R 5L
A LR LR

(1D 2TAEH: k(x x) =] (rex)+1]
(2) RBF B3 k(x» x,) :exp{—|x—xl. & /252}

(3) Signoid B&#L:
k(x, x;) = tanh(v(xex,) +¢)

WAL (1, WA LS—SVM SEIL) & —
A2 I ) AL 250 g A A SHUE: 2D,
FEANBE BRI L0 BT AN SR e R, 13
rrER A L X (3D, SIS AR
2R IBENAANE 2% o A SR R P47 n) SR R

ﬁ@ﬁ@@ﬁ@ﬁ*ﬁx—%F/EXﬁ—%ﬂz,
k=1

S NIZHESE .
1.3 IR IE

K TR TR AR, TR IS A A 1L
(10) BEATARMEH — b AL 2]

- x;—min(x) (10)

" max(x,) — min(x,)

SIS FEAE B RAE 0, 1) ZIl,
2 BRKILR

1 H7& H Matlab7.0 gwFESEHL LS-SVM 145
FIMER, F5-5 2 AN T B e 8, gD IR



g/ SRR 1) LK) b P AU -17-

wr:

A TAb [EIVE}: &)
> (Prestd, M (Trainlssvm,Sinl —»]
Poatstd , Trastd) ssvm,Plotlssvm )

B H
(Load)

HAUE
(Crosssvalidate)

A

RERL I
(Tunelssvm,Pru
nelssvm,Weighte

dlssvm )

1 LS-SWM LI [RERAEE
Fig.1 Principle diagram of LS-SVM

(D @ NS A, ] Load fiy< a2k

P

(2) WA BHR AL A (100 FATFRUE
H—fbab 2,

(3) WE /D IR EHLSEL gam FIAH
I AZ PR EL sig2,type; Fodt: gam Fl sig2 J i/ —IfesL
RN, gam RIENMLSEL, o il Nz %
T i/ MEFI-IERERE , sig2 A% RBF BRI 24 Type
A PRPSEIY . I KT 7RI JE classfication;
T KA T REPL G2 function approxima-
tion.,

(4) H trainlssvm PR [FIHBIRY, AR PR
P FEAR W N A B — P pst e B i s
£, ST IINZE, 153 ISR AL
24 ) alpha FAH Y. (4 FRI{E b

(5) BEHCTUAS £ g, BEATHC T Ak 2R,
132N SEBRPETE o

(6) ¥ HINL G g TPl s, MG
T

(7> W F2P i IR A U T 45 S B i
FEE S AH LEAS BB A2 5L B 223K, ] A ALY 4
R BB BOIAT (3D, (4) P E ST A ) B ) A
AR S E P, R AR k.

3 (EKMIEIE

1T IR AL R btk £ B— H
rEEEA, Lo A, KRBT (10) Bt
AThREIA AL, 2R AL R LA E S 4345 A\ Matlab
7.0 ', 2 2 O (RN S R RS,
R ACBAR LS BB, WK 2 Pros, i
Matlab7.0 iy % I 7 &7 & Wk

>>gam=13;

>>5ig2=0.2;

>>type="function approximation';

>>[alpha, b]=trainlssvm ({X, Y, type, gam, sig2,

'RBF_kernel', ‘preprocess'}) ;
>>Yt=simlssvm ({X, Y, type, gam, sig2, 'RBF_kernel’,
‘preprocess’}, {alpha, b}, XD ;
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Tab.1 Sample value and data of B-H of the silicon-steel

B 0.12 0.42 0.66 0.79 0.86
Hy 0.2 0.4 0.6 0.8 1.0
H, 0.1956 0.389 8 0.584 3 0.797 3 0.969 9
% 22 2.55 2.61 0.42 3.01
B 1.09 1.17 1.23 1.26

Hy 2.0 3.0 4.0 5.0

H, 1.969 0 3.0913 3.9907 4.8919

% 1.55 3.04 0.23 2.1
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