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Sqrt ML () CTI{E 44 2, 1 F RMSE 11 MAPE ¥ fi
KAE ¥ 3% Sqrt #L 0] B RMSE 1 MAPE A 5 1, 11
Scott . FD ., Sturges AW FIA SC 5 15 19 CTIELRE % X [H]
BRI MMA T AE K . BR T Case 1 17 Sturges L0 119
MAPE f5e/)y (g /N T A SCI7 89 MAPE) , % T Case 2
il Case 3, 45 LT 15 1Y MAPE 702 85 /M

3T, FH EE Scott \FD  Sqrt A1 Sturges #1] ,
ARSI VEAS F A RMSE F CTHE 2 2 /MY . X3
AR SO TR 0 e e B R 4R 1) 22 5 | A v T £ A
R0 A0 55 B I 53 A (RPAZ 28 FE A 11434 ) Z 7]
25 S de /o XD )5 M 4353 R 200 1400 B )5
BRI AE AR , 0] 4 R AR SCH 74 9 RMSE Al
MAPE $4] i 25 X [ 3 7% 338 i R A1, 3 156 BH 2% 1 Y
FEARMG B A3 B A0RS B . IS5 SR IE T A
SCHTHE AR T8 7 V% B A T F 1k A A5 A
Witk 82 &A1 FIE A2 (1 a4 St 6 B T A S
D7 A i B A B R RE S g i R AE AN ] 2R Al A2 5|
T far A RE SRR | LA e A 12

K LG8 B 7 RIRAE A 242 5| 7 A B R 3 AR o)
ZAATE (BAEEO) KN RSZR A SR T 58 T el
98 BT R S A g | R E AR L TR . AL
Poisson s F 44 & FLJ5 1A, 38 i MISE 5 AN i bR
B, 455 Sturges ML FI RS A7 55 7041 9 7 12, 7EAH AR
Y (B R B2 A /NI O T, AR ST V6 B A i de A
6 S8 AR M FEA T 22 MFEAR S IR GE o Sturges
TN RE SCHTAEARERNAR 0% ik, T RRAIRAE A BE MR g
LTI o B AL 55534 58 7 15 AT LURE SR 7 K]
S IR, 17 EL R A3 2 AR S0 R 1 4R 2
RS AN e JEAE T8 o T8 3 3 b AN [] SR A 1] B ) 2 5 | 28
FL T A7 fup 3K B5 40 , DA Scott \FD | Sqrt Fl Sturges iX 4
T 2 95 LU Sy LA 0T vk, DIAZ S BE AR T T 15 1) 22
| 47 A A 38 %8 B 3 A1 A Dl BE UE L 3 ik RMSE . MAPE
K CTI AR b 5 B K 56 , 25 R 96 HIF T 36 T I AR A8 98
L7 R BE AT T O7 ¥R WA RO 3 P AR AR 1

JITH 7 VA A AT 4 i 2 L SRR Y B PRI R A
P s LA M 25 38 (http : / www.epae.cn) o
S 23k

[ 1] SILVERMAN B W. Density estimation for statistics and data
analysis[M]. London, UK : Chapman and Hall, 1986:1-33.

[ 2] SUZUKI S,BABA J,SHUTOH K,et al. Effective application
of Superconducting Magnetic Energy Storage (SMES) to load
leveling for high speed transportation system[]]. IEEE Tran-
sactions on Appiled Superconductivity,2004,14(2):713-716.

[3 ] Km0, anse, 55 . 425 /8t st el Uit iy Rt 2
[J]. VU RS R0, 2009, 44(6) : 848-854.

ZHANG Liyan,LI Qunzhan,XIE Shaofeng,et al. Probability dis-
tribution of feeder current of traction substation[]].
of Southwest Jiaotong University,2009,44(6) : 848-854.

[ 4] FETPAR, 20, okt , 55 . UL BkiE 42 5| M52k L AR
GrARlI ] I RGBSR, 2010,22(6) : 12-16.
TANG Kailin, LI Qunzhan, ZHANG Liyan, et al. Probability
distribution of feeder current of electrified railway traction
[J]. Proceedings of the CSU-EPSA,2010,22(6):12-16.

[5] Mg, et . A BRI 42 51 Tl o A Rk S
PRBAIETE( ). LT R4z, 2005, 25(16) : 79-83.
XIE Shaofeng, LI Qunzhan,ZHAO Liping. Study on harmonic
distribution characteristic and probability[J]. Proceedings of
the CSEE,2005,25(16):79-83.

[ 6] Hdn, Al . He TSN Y w8 4 LI o AT R 5
MRS ()], BRil 412, 2010,32(3) :33-38.

YANG Shaobing, WU Mingli. Study on harmonic distribution
characteristics and probability model of high speed EMU based

Journal

on measured datalJ]. Journal of the China Railway Society,
2010,32(3):33-38.

b SR RS AR A 2 | A A T AR AR [ ].
ML 48 A 311k, 2010,34(24) :40-45.

YANG Shaobing, WU Mingli. A load probability model for
electrified railway traction substations[J]. Automation of Elec-
tric Power Systems,2010, 34(24) :40-45.

XGRS, A R A ST AR S B % AT S EUE
KA T KGR B G TE 5 [) ). s A i ki 4 ,2017,37
(10):15-20.

LIU Xiaonan,ZHOU Jiegui, JIA Hongjie, et al. Correction me-

—
N
[—

—
o]
[i—

thod of wind speed prediction based on non-parametric kernel
densily estimation and numerical weather prediction[J]. Elec-
tric Power Automation Equipment,2017,37(10):15-20.

[ 9] 225, MRS, BRI, 4 FET Okl SEa 3 BE AT i
REI BT 1], ) A ki, 2017,37(8) 1 131-136.



102 ® 0 & % L B %405

LI Yaqiong, ZHOU Shengjun, WANG Tongxun, et al. Harmo- metrika, 1979,66(3) :605-610.
nic probabilistic power-flow analysis based on kernel density [19] RUDEMO M. Empirical choice of histograms and kernel den-
estimation with optimized bandwidth design[]]. Electric Po- sity estimators[J]. Scandinavian Journal of Statistics, 1982,9:
wer Automation Equipment,2017,37(8):131-136. 65-78.
[10] TSYBAKOV A B. Introduction to nonparametric estimation [20] SHIMAZAKI H, SHINOMOTO S. A method for selecting the
[M]. New York,USA:Springer-Verlag,2009:2-19. bin size of a time histogram[J]. Neural Computation,2007,19
(1] BRI, X S IRAS 25 . o BRI 2 5 | AT I D A 9 S (6):1503-1527.
BT HBOR S BINPEAG[T]. HLEEAR ,2017,41(8) :2598-2603. [21] SCOTT D W. Averaged shifted histograms: effective nonpara-
CHEN Minwu,LIU Yang,HAN Xudong,et al. Harmonic distri- metric density estimators in several dimensions[J]. Annals of
bution modeling based on non-parametric estimation and har- Statistics, 1985, 13(3) : 1024-1040.
monic prediction evaluation for high speed railway traction [22] Ewuid. BEA3e SHPLA R Be it Ko M. dbst .0
load[J]. Power System Technology,2017,41(8):2598-2603. AERAE L, 2010:51-53.
[12] SR, BRme A 66 iF P, 2T o Bk Iy R 2 8| f ik [23] WAND M P,JONES M C. Kernel smoothing[M]. London,UK:
TrkL1]. PR A R 22741, 2020, 55(1) :27-33, 40. Chapman and Hall,1995:5-7.
ZHANG Liyan, CHEN Yingyue, HAN Zhengqing. Traction load [24] BOUREL M,FRAIMAN R,GHATTAS B. Random average shif-

classification method based on improved clustering method[J]. ted histograms[J]. Computational Statistics & Data Analysis,

Journal of Southwest Jiaotong University,2020,55(1):27-33,40. 2014,79:149-164.
[13] CHE Yulong, WANG Xiaoru, LU Xiaoqin, et al. Study on pro- [25] FEBNANDO_T M K G’MAIEB H R,DANDY G C. Sele(.tllon
bability distribution of electrified railway traction loads based of input variables for data driven models:an average shifted
histogram partial mutual information estimator approach[J].

Journal of Hydrology(Amsterdam),2009,367(3-4):165-176.

on kernel density estimator via diffusion[J]. International

Journal of Electrical Power and Energy Systems, 2019, 106:

383-391.
[14] 8. TSR AR A M B s D], TFERIT:
VER « 14K 2%, 2007. £ 2 £(1988—), B ,Hf K LA, 3

0PI EAT R, R G wA E5] RAT
09 7 A M AR R S A (E-mail: cylg717@
163.com) ;
E B35 (1962—), %, W)l RARA,
B ERAREFIT, LRATHTRALN Z
i KA N7 55 4246 (E-mail : xrwang@home.
EXY) swjtu.edu.cn)
BB 5 (1980 —) , <, w9 Il A ARA, &

NIU Jun. Application research based on non-parametric density
estimation point sample analysis modeling[D]. Jinan: Shandong
University, 2007.

[15] KNUTH K H. Optimal data-based binning for histograms and
histogram-based probability density models[J]. Digital Signal
Processing,2019,95:1-16.

[16] SCOTT D W. Averaged shifted histogram[J]. Wiley Interdis-
ciplinary Reviews:Computational Statistics,2010,2(2):160-164.

[17] BIRGE L,ROZENHOLC Y. How many bins should be put - N . s . N
in a regular histogram[J]. ESAIM Probability and Statistics, AW, E R T 0 A AR E RS AR S
2006 R 10:24-45. #J'T(E—mail H xiaoqin93@163.com) o

[18] SCOTT D W. On optimal and data-based histograms[]]. Bio- (gﬁgﬁ —7‘3&}6)

Load probability modeling method of traction substation based on
optimal bin width histogram
CHE Yulong"?,WANG Xiaoru®, LU Xiaoqin®, KANG Yonggiang’
(1. School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. School of Electrical Engineering,Southwest Jiaotong University , Chengdu 611756, China;

3. School of New Energy and Power Engineering,Lanzhou Jiaotong University, Lanzhou 730070, China)
Abstract: As the traction load in electric railway is affected by many random factors,it is difficult to uni-
formly describe the load probability model by the known parameter estimation models. Histogram is the
simplest, most intuitive and widely used non-parametric estimation method, but the shape of the probability
density obtained from histogram is extremely susceptible to bin width (or bin number). In order to obtain
the optimal histogram of traction load probability density, a histogram method based on the optimal bin
width is proposed to build its probability model. The histogram is constructed by Poisson point events, the
value function is defined by mean integrated squared error,and the optimal bin width is calculated by Stur-
ges rule and the average shift histogram idea. Based on the load test data of traction substations with
three different sampling intervals,through the shape of probability distribution and the posterior test,the vali-
dity, adaptability and robustness of the proposed method are verified by comparing with four traditional
empirical rule methods for bin width calculation.

Key words: traction load;probability model;histogram;value function;optimal bin width;average shift
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Fig.A1 Traction load of Case 2 and its optimal bin width histogram
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Fig.A2 Traction load of Case 3 and its optimal bin width histogram
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