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A kg AR Nem™5 gy, oo, g AR 252 240 v S I HLA B  km-h's L 4%l R [a] 25,
m; S AR AR AR LR AR, mo; ¢ NP AT, s o MRS, oL f BT SO
fi= cos.(z—gvt);f2 = cos.(%t);f3 = cos(%t);f4 = cos(%t) (12)
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BT ARG SZ 0 5 BB S22 AT o IRAEAFRL B B F AT Ay N — o0, —oe ok, AL
SR AP 2 Pir7s (9 — 052 HL 5 Ao R 11 2 5 1 5 RO i R GE 8l 127 T 7

m,x, + k(0 —20,) +dy(x, = 20,) + k0, =0 } (13)
m,x, +k,(x,—x)+d,(x, — x,)+dy(x, — x,) = F,

Kbemy, my 53300 5 AR EUR R, ke 5 d, . dy 589100 55 Sk SHESR A LS RHESR 55 3 42 4 A ) (o L

JE,Nesem™s by 5k SHERLEINIEE ,N-m™5 k(5) yH il B SRWIEE N -m' s F SAEHATIT, N5 x, KA

PSS 5

PR k(z)§
K% S L | *1 4
m,

2 SHERSZTEIER
1 ERESLEH Fig.2 Binary equivalent modeling of

Fig.1 Pantograph-catenary system structure chart the pantograph-catenary system

4 EFPSOMLULBILS-SVM SM{HTE

FT LT, AT R T PSO JALAY LS-SVM 7E simulink F835 X} 5 W 2R Ge b4 TAUEAT B, JRA
SCHT I CHRILLS-SVM 5 ik DA R 23 (R B O 16 T A5 B 45 SR 545 % Fe 0 #r o 1L Matlab () simulink A3 A1
HRAE (13) A& E 5 W RGeSy R, {5 FLrb i) 5 R 240k

k,=3684.5 , 1,=0.4665 , 1,=0.0832 , ©,=02603 , u,=—02801 , u,=-03364 , L=63m ,
S=10m , m,= 6.5kg , m,=12kg, k,;=2650N-m™, d,=100 N+s-m™, d, =70 N-s-m™, §H T }1 F,= 90N,

x, USRI 0.01 1Y AR 3% v = 200 km+h™'s 120

1B AT simulink {5 ECE], FH 7~ 0 LI 42 ik 07 i 2 110

— Y Vs NG >. Z
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1 5 PR AT

0 013345678910

Stepl : i £ PSO MY RL + S A M e KRB 2L I s

K, AT RIUG 04 R R R (R R o ) )
o o . B3 SNRGEMAHERL

A N By e KA W Fre/IMA Wi 3 BOE LS-SVM y Fig.3 Contacting force simulation curve

Hl o BRI HA L 0Tk RAEBIIAIE k=1 ; of the pantograph—catenary system
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Step2: LLSHITAY y Fl o YIZR LS-SVM, MR IE 2 (9) A VI ZRAEAR B35 iR 2541 R PSO B3 Ry 1 5

Step3: 175 238 B EAE , AR X (10) THRUB AR PR 7, A =X (8) BEHT PSO A4 8 A J3E (B8 280
Wy flo ), JF% k=k+1;

Stepd: WA k<K, 3R] Step2 RLLIEAR; A LKL AR o Al o 237 LS-SVM Ay [l A58 5

Step5 : F| FH LS-SVM [A] =BT 0 i F i 204 1 Pl

PEHE 3simulink 15 EARAT K 100 ZH A8 , Herbai 80 ZHAE A I ZRE0d , 5 20 44 A6 56 B Sk 56 TE A5
RIRCR . I 3R PSO DAk LS-SVM B 5325 L8 W LS-SVM | F-43 [R5 1 o il A7 5 AR f 7
PG AR . PSO FILS-SVM S HEUE R : K, =200, M=10,w_ =0.9,w_ =04,c,=1.5,¢c,=1.7,y
Hl o IWILG 18 MATLAB FEHLEEEO™E .

LS-SVM FY i A2 2520 o bl () 1 1] (57 F% x, M1 x, S5 2530 TR M B ) 808 x, 00, i 2 75 IR i) 3
fili )7 o PSOIEARAYE N AN 4 R , 28 ¢, = 1.5, ¢, = 1.7 , 210K 20042 . 22 200 U A E AR AN
PSOEALISFIE y 5 669.375 3, 0 5700 1, & L LS-SVM R FH 238 LHGHIE A 7 145 31 y=536.270 1,
0=7.768 47 . &5 /& PSO AL LS-SVM Ay aesii 22 (5(9) ) 5P E G R K . i IE 4 7T A1, PSO ALY
HBR 22 2800 2 DR AU T B 21 0.0378 2, £t 8 R 0, AR 25 765 80 A0 HIVAT 3R IR my e/ IMEL, Tk
HIPSOPLALIY y F1l o HF5 80 20k A UL RS B 42 Jmy e L A o

FET LA FAS 2 PSO AL LS-SVM ALY & L LS-SVM AU 123 [l A 15, 1 FH 20 246 50 500H 0wl kA 7
5 W R G f 1 TR, 3 RO IR B TR A SR WA 5 s o AAIELS AT DL, PSO AR I LS-SVM A A X4
fih 7 B PR AE L T-5 SR 42 ik 4, 16 LS-SVM AT f T 4TS 132 180 5 12 [ A 280 X6 42 fl 7 # T4 A1
5 SEBR B fl I AF AR R K AR 22, 16 I -2 ) A 280 ) FARORS 25 5 5 B LS-S VMU B iy LA B2 A T PSO
FBLS-SVM FIF25 [l 51 2 ], 3 P Al i HARAR X iR 2 L 1

max min

- Ja#s  + PSO-LS-SVM
105 [ -- LSSVM - N4SID

0.038 8 100
0.038 6 ~ 95
4 0.038 4 E 90
@ 0.038 2 g ®
"0.0380 el ?2
0.0378} 1 70
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HEAARHL i8] /s
B4 PSOIEREIERE ik E5 #Zahmgila ttsRE
Fig.4 Fitness curve of PSO iteration Fig.5 Fitting contrast of contacting force curve

®1 BIEHZIREXLL

Tab.1 Error contrast of fitting curve

Bk WERAME  RER/ME RETHIE
PSO-LS-SVM 0.500 3 0.002 0 0.049 6
LS-SVM 22357 0.089 0 0.113 8
N4SID 6.922 8 0.163 3 0.814 9

5 #ig

2 1H PSO AL LS-SVM BYSI 425 [ RGE AT 4 o A EA 2R R EFERY PSO SR L 1LS-SVM
HIENAESE y SIS o , el T LS-SVMSBOEFFIH HE. R TE5M 77k 3 Bl S 51 242 fuh o |
SEHLS T ARG, AR S M R SRR AR SRR . B T matlab -5 #EAT 5 W R el ) O
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PRI TR S8, 45 EL2E SR B, PSO Pk LS-SVM AR AU AL HE T3 B LS-SVM AR A 723 (] SR AR A 5 AT B
PR fish 07 TR BE , PSO HL Ak LS-SVM BRI GBS f e =5 [ R G 19 SE iz A TR OL , 48 3C PSO HL 4k LS-SVM 7£ 5
W 2R G 6 ) FH 8 HAT 255 B 2R TR = N R S8 i B R B8 TR k.
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Modeling of Train Pantograph-catenary System Based on
LS-SVM Optimized by PSO

Zhong Lusheng, Qi Yepeng, Yang Hui, Yan Zheng, Gong Jinhong
(School of Electrical and Electronic Engineering, East China of Jiaotong University , Nanchang 330013, China)
Abstract: A modeling method, based on least squares support vector machine (LS-SVM) optimized by particle

swarm optimization (PSO) , for train pantograph-catenary system is proposed in this paper. For the difficult
choice of hyper parameters of LS-SVM, the PSO with global search performance is used to optimize the hyper
parameters of LS-SVM. In addition, the whole pantograph-catenary dynamic equation is obtained on the basis
of establishing the model of the pantograph-catenary subsystem. Finally, simulation experiment is carried out,
and the simulation results show that proposed LS-SVM optimized by PSO model has better forecast precision
than LS-SVM model. Tthe proposed method is effective in modeling train pantograph-catenary system,

Key words: LS-SVM; PSO; pantograph-catenary system; curve fitting; nonlinear modeling
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