U ER TR

2022 4F 5 H

Electric Power Engineering Technology

T4k FE3MW 194

DOI:10.12158/§.2096-3203.2022.03.023

VB BRI 3R A9 P B 7 T L B0 A 35 A 9T

BE, RFNT, K, Tre'
(1. B RGBT 5L 2P EE ETH I AL (= K#) 4 ‘B E 443002;
2. =R AR SHREIR2ABE , I BLS 443002)

i Z:ZAEHAELCMIALRGATRL — R MH AR O FHAF G L L RAT, TR 3hAEHEHS N
FEAUE Fr 25 A5 A2 o &R F 09AB A ME3E n T A0 5 A7 TR G X, SC P 3% i — AP it & ) B B AR A48 8- & 1Y
BHAFAC AT ESATMNT . A4, ATETRIAELES S XAV G A F LR B TRFHE, £t
AL FRGERET ATRBABE, MECLHAEG P EERRRUEFHRE, KB, AT RTRARIR
Bk, KRR RATRERN AL L, HELHBR SRR LA SN T HBRE, RE, L TR,
WA R AL AL RFERR RS RERBRABITARATONES A, SR X F ARG Eas
ERR B FAEF T EATRE, LML R KR & A F LY IR R R F 36 AL {7 £ 8ME

Fa A Lo 2 5,

S - DT EEIOUIETE FES £2-LEIPEES

HESES  TMTIS SRR ED A

0 3l

R TR BRI T Ly b SR B, e ] WYt 422
DU IS Sl B R S AR A L 2 A v AR
Fo ERT, BT BE TR 7l 1 3E A 3 % JE i 8 B B
L8R4 (electric vehicle, EV) BN 285 HEC T AR
S s e, AT B T 52 B B Gk 0%, kb T B
it o (HKHUE EV 78 HL A HE AL R A 1T
AR E T B i PR AR A B
SR et BV 5 ) B A S i ST R EV
() 43 A1 R FL ST P A S

BT B, BN Ah 22 A BV AE AT 5E RIS
Ha B A Hf 25 0 A TN AR R 57 A —E iR
SCHRL8 Jid s X EV 3 B 2504 70 H Beta F0 H = > 15t
AIBESE , S BV FEHL ST 200 DR RSB (H R 2% &
EV 7538 [ i e 25 57 B8 0] 70 F 67 g 2 I, STk
[9]FETF B I74E 5 5 5 -2 A5 (origin-destinatin, OD)
FEFERE EV 125, IR RS RIR; EV 753 [
AT R EAT IO o3 A B 220 T EV A7 R Y B
PLtE. SCHERL 10 WL T EV BATE P i 3 5 52 5
ST T BORIT S BHLPTRAY , X AT AT R AT
T, IF0 I OD FE R AR R B AR T 2 EV AT
frfte SCERL 1] B 830 EV A7 3 #2, 7 1

JESG R R R RN B A5 B DU R . SCHk [ 12 ]
ABCERTZ A, it EV I B AT R R AT

WA B H7.2021-08-28 ;45 =) B 47 .2021-11-24
AA2RAB . BRAARHFELFBR A (52107108)

REAEREAL Ll G 4T iE R A

B2 :2096-3203(2022)03-0194-08

R, BT By 2K A] R o 5o e (Markov decision
process, MDP ) B¢ Fil 46 £ I 5 9L 840 EV 4748,
HARZ R 2h 55 S A THERY 2

EV N2 50 A i 3 2 28 — =T st
PSR BRI I BV AT T
JEHES. EV 23 A R R UL BV AT A Y T
PN Ty IR R T AT R R S B e T
R RER — D EZ R, BUA OF5E R AL R e B
DUHATEE S, 200 1 2% 32 0 A Ak i i A28 ) S L
FIBEHLEE ™" o WEAh, EV 1R 58T T 0 6 2%
R, HFERLA T 9 A AL 32 IR A P RE | H b 0 AR 7 L 2
R KRS R ARSI NSV SN il
B H IR T S A TR I R . 25 TR,
EV 28 04y f00 £ SAFAE LT 2 minld: — 2 bk
SCHRX EV I 23 79 A BEAT AR g i), BR324 32
AT 07 LS W B S B DL 5 8 s R A Y
S DUIABER R 22 2 B 1) Xk AT BE( BT, TR %
B BN EV B AR S8 A5 R . AL sh
SHATE BB B TR R EV 2S00 8
3t 5 SR T8 L 7 SR B TR 2

BT SR DT, SCH AL — Bl T S I
EV FEHL G I 25 20 A TN AR Y . ARl S R AT
SKFNEV WA R B FAR 4 A G FIA %
HATRARY, I 25 P8 EE | I % S O PR O, ST
EV 7 AR RERERE I o DB ADL 4 AR 2 AT S A5
BB AE BT AR AT AT BT 5 Bl 25 SO
A REFERIILZS &, DL A7 I KO AR J6 44 78 MDP



195 P2 S it SO A PRI Ll PR FE W S e P s A 00

ATEE , PEMTSE BT BV A7 B4R 10 Sh A ML) | = 1)
(L AT A SE N TR RS EV i 25 0 A
SRR EV SEH T A TR a2 L
ST XS R 9], X Fe oA BV R H S L 67 A £E AN
[ SRt HURE DX ORI HE A7 HA% B0 T B I 23 20 A, 58
E T P r i A —E ML LSS H M.

1 EVR=HBER

B EV AT EIZ ORGS0 AT B
S (H) T (W) 4R (SE) (ALK
R (SR) FLAl =55 (0) o FEA RIS s A
EV FErLuk, TR i 2 (e e RS R0 BV 473t e o
1.1 AR EV HITRE

R DI e R H R AT R, RIS EV AT
a7 o 77 RS SR AN K BV 20 AR
B CHERAZL L o BN HA A AE 57 3 il
FrBE, W 1 FT7R N, A BENLIM S 1Y 535S A
a5 E A SRR R

P N
s 777 SRIO w

Rxm oy WSE g

SR/O SE/
- ~— W ~~ o
VRN =
R N, N, N, Ny
VN
N ——~ MDPH {74k
AR S E - ij/f“
— [l e HATHE
>~

1 EV HITRERI5
Fig.1 EV travel model division
AN ATRARIAE IR T#IZ s Z ), dnfEl 1
NSEHIATHE TR, — RO 4k 24 M e R SR AR
17 BRER I 1] 5 tRAT IS IA], BALANTEBECIA
LL1 RAR A HATHR
AT AT A B 9 H BT, K35 MDP 3%
IR ERMATIRE , dT AR A AT
SCHR A H—W” (78 EV GHTTE T A1)
TAORIR I T . AT 2 K5 —KN
H—Hbr i ATEE, RV T R RAZ 4 AT 6 22 U F 7
i) H—W/SE/SR/O0—H; 55 — 30 £ H AR 17 5%,
R 1 AN 4 AT 5% A5 I B 7s 9 H—SE/SR/0—
W—H 8 H—W—SE/SR/0—H, EV {7 Z] 1. 5
R A7 IS AR, AR R BON -
1 (-w)?
S(1) mae 2 (1)
K, o 23500 ¢ W2 EEFITT 22 o Gl PR w
oo WEAFIATEER ¢ 5 1.

112 G A TR

AR AT HAA W I BE ALY , SR 46 B0 5
LB L A5, ) MDP B8 g AT B8 A2,
WE 1 B B ATEE . R4 O 35 3K
KB R 1 B S R ] g BRI H -

Ttaxi,t = 2 ‘]xl()_x (2)
il

Muai = T1 = T (3)
KT R e PR B B, A
G280 HEREGT, R 60 min,

i A A W LSRR R SRR 4 1, —FE IR
MIEZS 3, AT AR (1) R SRR & el i EV
A AR SRR I ]

1.2 EF MDP P BB EEM R HEE
1.2.1  EV #47Br Bkl 4

KA MDP BB EI 4 X EV AT B AR 1 e
Fo K2 PR K EV IRATHEES N 4 DL

(1) WATHER Y B, MRIEHATFRRIRHEV
1T H B

(2) ATHEB B MR I BE 38 % 55 SR 6 1
LA EV #ERE.

(3) PP Beo M6 EV fif HLRZ (state of
charge , SOC) FIW & 1 2 T — B 2T 3 i HL 1
TR o A0l R TR, AR ) A4 TR 15 Bk A MDP
PO N — BAT B AR A AN AR, A Il
AT,

(4) Higlh, # EV B EL 007 8 317
BER. FIHEV I fE R (SR — KW A
o) FSOC [H{EFIKr EV 2 &AL K, aa ,
B AFEHET .

2 EVITRMERIS
Fig.2 EV driving stage division
1.2.2 EV HA7E8R R
EV 173 R s s an e 3 fros, Horprr,
N m PR LR n A HHEBTT S50 S EV AT
VPR TR . R BV Mr, ik fEA T B P A



& AH) ALK 196

UCATFERE AT A n A, Z0d m=2 YRR EI 15 H (191
Fono B EV FEAT B A b m] RE LR 2 9 BT A % BEARL
AR S EV BIIRA A1 BT A i 2040 0 B sfe it
ZI5 T EV LEPTA PRSI 20 ) A2 D 5 T 4H
WSS NATENE ASEV 1E1T R e rp R B A 1
A B ] B 4 R

B3 TREBERE
Fig.3 Schematic diagram of node transfer
EV AT BA SR AR, 5T BV A7 3d f v
B R AR AT R R S I ) L5 8% 315 5 O
EV M FI A e B RS B R — R e A R
BEAREMERA P(a [, ) = (4) FI7R o

1 m=n

P(a ‘ rcur’rnex) — { M

(4)
AP N Y R RS B S A AT T R AH
M A AT AR R — IR A W R T R
BOH K O H a7 & by i 2 iy S A
St SES AR RAE N AN M RS k B AR V)
Viss or i AE N ORE M RS R BUHAR EV ATREE
A1 (4) AT 43 EV 78 25 /i1 3 8 BT A <R
FeRsrmER, B LARIARAT B AT I O B AR, B A
— D EMERE N 1B EV U R R AR
JEARHE SR R I L B I EV 2821 . SR S
JA A PRI R E R EV R BA LRI R
MDP Hi475%

2 EVxRAEKNZSHHN

21 FHEKAEBEE

EV i 28 AL o R v, il AT B 2 A1 R ] 2
& EV (A R REFE AN H AT L T A AT
IR SRR AT AR A e, AT ERAE BV 2
BT AR EF 25 A
2.1.1  JsEHEAY

DX SR g% 2 PR ik 220 2 A 5 A A ) BN T
PRI , 1 X BV BiE A 2 2 EV 0 A fE
S W N A SE PR EE 1 DL . DA i, SO Sk
TREA R , 3 22 YR ADLR S I BEAE L7 I 8] P

P G e A3 A A, AR5 D7 LB BN EV B, SR A
SRV 1 Bt ATL i BB — 9 R TR N G B% Y
EV 8t P, HK ik — e BoE B{E N EV 3 A
[w] , 3ok A B S N BV B0 VR ¢ i 20 i
J W EV BATHEE oo 55V BE R T 46 I BOR 45
PREL EV B0 EV AR s R 45 i ) A7k
BE v HATIEIE, BN B H8 v,

N = (N +b,P, ) /(28,,) (5)
S, A EE B VTN ) A e
STF RIS ¢ IS 220 1) ¢ BR8N R % N 1 EV
B b B IESHL

PHEAG TE 25k b, AT LA (7 B 4% B BN 19 58
YA, 7E SR H AT AR A S B 0 R A T R DA
B T EV BiE 24 RIS R, b s
HLIY A BB b B AR TR
2.1.2  EV B EFEREFERIAY

EV (7 B AR REFE BB SEO v Z R C R ]
FomA

E =- 0.0040 + 0.247 + 1.520/v

E™ =0.0040 — 0.179 + 5.492/v

E® =-0.001p + 0.210 + 1.531/v

E® =-0.0020 + 0.208 + 1.553/v
A EL B B, Eny 2390 g s | 3T %K
T I RN S R B R R

EV BeFE 2 B i B2 AR A 7= AR AR Ltk i 22 4k
R B LA LR BERE B SRS IR RO

6
E™ =% pec! (7)
y=1
Kbp, AME S Gy o A REG ¢ 8 a7 5

A7) A ML EV 78 20 °C i i1y 5 A7
FEREFE £y B/l A5 (6) (7)), LL 20 CohtrR
HEIREE , K15 EV TEIREE ¢ PATHIAE r F90AFE T 1Y
B HRRRERE £ N

EY = EME™/ER (8)
K E™ N EV FE r S9GE T 1Y AR RERE
2.2 EV ZEAEHRN

BT LI EV AR 2.1 795 i B0 A
BB XF EV 7L BT 28 o0 A AT AR, S
WK 4 i

g RIR S S Ay s SOC i FHEEIE ML AE1F
BT REdE R A BB T W05 B iE SR T % EV
b3 o3 A BiE (SOC (EIHE IE & Y0t .. 1E P& N 40
B BERT RIS KAR L, 78 BV SR AT R, BT A
KR R% Je R S ) 220 BB I I R IR R TR

(6)



197 FEAZ S 3 SO G PR I L 34 S8 L FAAT I 2 20 A B

[EVHIATIN ZI. ¥IESOCHE SN
|
[H A A i 5 'Jﬂlfi@)i&ﬁEVﬁﬁ%MU |~—

(R4 (5)—3R@®) T E 17 Sk AERT . FIARSOCHH |

[EVEH A b

% %l:

[iCEEER 1 A . FIARSOCH|

B4 EVEEAMGITHERE
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Harmonic loss evaluation of low voltage overhead lines

based on CSO-SVR model
MENG Anbo', CAI Yongfeng', FU Jiajing', CHEN De', YIN Hao', CHEN Zihui’
(1. School of Automation, Guangdong University of Technology , Guangzhou 510006, China

2. Jiangmen Power Supply Company, Guangdong Power Grid Co., Ltd. , Jiangmen 529000, China)

Abstract:In view of the low calculation accuracy of physical analytical model of harmonic loss, a support vector regression
(SVR) model based on crisscross optimization ( CSO) algorithm is proposed to evaluate the harmonic loss of overhead lines.
Firstly, the SVR model designed to minimize structural risk is used to fit the relationship between line characteristics and
harmonic losses. Then,the SVR hyperparameters are globally searched by the CSO algorithm. The optimal hyperparameter group
is obtained by dynamic optimization,and the CSO-SVR harmonic loss evaluation model is established. Based on a large power
quality test platform,the harmonic test of low voltage overhead lines is carried out. And the proposed model is verified by the
measured data of this test. The results show that using CSO algorithm to optimize hyperparameters of SVR can effectively
improve the line loss evaluation performance of SVR model. Compared with other models, the proposed model presents higher
accuracy.

Keywords : overhead lines; harmonic loss; crisscross optimization ( CSO) ; support vector regression ( SVR) ; power quality;

hyperparameters ; evaluation accuracy
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Prediction of temporal and spatial distribution of electric vehicle

charging load considering coupling factors
CHENG Shan'?, ZHAO Zikai"*, CHEN Nuo'?, YU Zihao'*
(1. Yichang Key Laboratory of Intelligent Operation and Security Defense of Power System
(China Three Gorges University) , Yichang 443002, China;2. College of Electrical Engineering
and New Energy, China Three Gorges University, Yichang 443002, China)
Abstract : One of the components to realize the mutual benefit and win-win between electric vehicle (EV) and power grid is to
effectively predict the charging load of EVs while the difficulty of charging load prediction is increased because of the
randomness of temporal and spatial transfer of EV and a variety of coupling factors in the transfer process. In this paper, a
method for predicting the spatial and temporal distribution of EV charging load considering dynamic transfer planning and
coupling factors is proposed. Firstly,an individual travel mathematical model with multiple types of EVs is established based on
travel chain technology. On this basis, considering the traffic flux, road conditions and temperature , the mathematical model of
energy consumption per mileage of EV is constructed. Secondly, based on Markov decision process theory, considering the
residual path and road network congestion information, the road network information is dynamically updated and the temporal
and spatial transfer path of EVs is randomly planned. Finally,based on an example,the temporal and spatial distribution of EV
and its charging load are compared and analyzed under different strategies, functional areas and travel days. The results show
that the proposed method can fully reflect the travel decision of EV owners, and the prediction results can truly reflect the
differences in the amplitude and distribution of charging load due to EV types and functional areas.
Keywords : electric vehicle ( EV) ; Markov decision process theory; travel chain; energy consumption model; charging load;

temporal and spatial distribution
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