¢ # KR

(1957 FERIFD

DIANWANG JISHU

20196 ASH
F a3 % 5o

KM 3 KD

WmEERS

F fF: kR

£ R (RHREEHF)
z

Wei-lenLee T 8 F 42 AGHE
I & Imh MY ITEK
Haifeng Wang ( Z#&K) $ 1t
JhER AR FE X IR
A xEW x| Ee EpaRde
o A R KRR X =
% %4  Qinghua Wu (ZH4)
RLw RmE KBF KEM
RAER KER FILA IR
FER TR FARE FREE
AZR K HEARA HIlk
Mo KA R # ARA
KLLo ( FEA) Bk RKK
Wilsun Xu (& 5% ) &) R
x F OHEK REIR F—X
FHE TEx H & B2EL
APEPRL BEM BBE Be
% MW # P

MiElE RS
F OfE: S
BlEE: AEE AL
Z A (REKREZEEHF):
LAY EHL F & I
AREE FPHEA RBE Rk
Felix Wu (%28 ) ik Z484
WER FREE EEE RER
ARE R BER RER EL
BEA #HUF FFR% FaK

= R
- HEFH—RENRGEMEEREIRMEIA T ERERA -

REEE S 7 B W B R B4R R AT 2 R P B B R 4RiR
............................................ RFAL, FRAH, BN, BAEH, BE, 3t (1865)
ETHREFIRE B EMEIIECE ML

............................... qEM, 2RF, B, =R, AFXL, £H, KE (1874)
BT REKIEREIZ ML AT X 8 2% #8558 B S e FUl 75 %
............................................................ RFW, F, Mk, &b, FIBE (1884)
HETE R B EIEEETNGRE RS S M
........................................................ Fok, E—vh, KA, Fmibs, ELR (1892)
ETHWERE RS BESENMENENEHNMEBEES REFE IR

IR E o RER, HEKR, THE, 0Em, FH#£ (1900)
T R B E B X B TR g AT ... F, HIIE, EHEA (1907)

ETREBUEINMEME SN BIEHI S A
.................................................... KAR, S48, KAE, H4F#H, 5% (1914)
BT FHITFHESE IS SHEREITME
........................................................................ SRAMG, FHAR, HAT, xmkd (1922)
T LightGBM B W ARG E SR E -7 3E
............................... B, WE, B, BAK, ABL, %,
HFIRE 5 #RFN Bootstrap J7 3% KX B hZE X 8] 7
.................................................................................... RF R, AR, 4R (1941)
BXRET AP B X iU &S

.................................... 172, ok, B, £F, 2R, £2&, TEL (1948)
ETHEABENIEEMESNERBERYES A TE
................................................................ B, AFF, N, KE, T4 (1955)
ETEMHE MG EERIREBEN G FUMER. ... 4 fabr (1962)

- BT -

EBHIAR LRSI EERER REEEEHIHTEER
.................................... BERY, MR, A, BE, KA, KEEE, LFH (1969)
ETEREMARELNZHEESREEN TER RN EH R
........................................................................ BEH, Xk, ek, A (1978)
AHE RS THEAXRB NS ERRMREK
.................................................... FHE, HREOR, RXA, B, safts)E (1987)
KR ERS S RIEEMAERZ HEE RN BX AR ER
................................................ INER, AT, BYik, Fiada, BfEA (1995)
FeERHMIFME T & BN B EETMN R
.................................................................................... HERL, 4R,
ETEEGANXEEERGIER SR ... 22X,

- ERMEBESEREN -

SEASEERNBENE DR IRE BEMRIL

........................................ BEF, e, Rt Frg, Ak, FHE (2020)
VSC-HVDC 3t LCC-HVDC i R 4t H JE 1558 E M52
........................................................ IRE, BA, ARR, Ee%, 3 (2031)
SRR TR MMC RS SIB A @RI 5 A
................................................................ T, B, REK, BRF (2039)

FUE (1931)

=5 (2002)
AT AL (2010)




ZHEBEER PWM ERESEE, THIRREMES
........................................................ R, AuE, RKk—, IF, B4k (2049)
— R B RS EE RS R EAEMR
................................................... IR, BB, B, EEHE, #HE (2058)
WE EMAR & B B R B 2R I A =
........................................................ HATM, TR, X E, REAS, £ (2065)

- SEEOIRT B A RERFF K -

SVG 5EIRNAEIRRE LS HEIERSFES T

................................... xNF, FEA, WA, KT, KIS, TAE (2072)
XX E 5 18R = B RAAI 2y I8

....................................... A, WAk, XA, &R, EZF4a, wEAR (2080)
E e X B AR A BE A R SRR T ALK
.................................................................... I—%, LHm, FHE, EI)P (2087)
HF i i# Shapley ERIXECEEBE U RESENTTE

................... B, W4E, PIEZ, SR, JhMoeE, T4k, KNG, R4E4E (2094)
ERER XU T XIMRZE B0 XU R G Bk ST HII SRR
.................................................................... iR, EfhA EHME, HREX (2102)
T VSG HAR AR M i e oy B IR S5 HII TR B

................................... kigk, Ak, FEI, KTk, xHz, LEM (2109)
ETZHEMEEERBZEEANERERSEES S AGC HIITHIRES
.................................................................................... MR, AR, FX(2116)
I 37 T EHAR] 5 & BB AL A ST 2R B 1k 2 1 I TR B
................................................................................ RFAE, RS, 5 (2125)
ETERMITHIBAROAEMEMN I IE R
.................................................................................................... FEG, Theh (2132)

- BORS -

SRR ADRZEITRIEEIFN G ERR
....................................... RAKR, AW, INRE, 388, sa%, MR (2139)
T+ & TSR BRTHER: & A S 2 hIElR

............................... NEFE, Kt B%%, hig, DRE, FILA (2147)
BT “RM5SE” ST HREHERIRERBMNEIRTE 2B AHE
|2y b~ ImE, FFF, L (2154)
ETERFAERE S0 M S 1P RS 2 4
........................................................ 2RI, (2%, THEA, ®HE, kM (2163)
BLEL MR B F U ARFIEIE 55— 24 BEREBESIUHARER
E<=57 B4, #T, LARK, WX (2171)
ETHITIER LU 5 B2 [ BE BRUE RO B FE SR B A
................................................... TR, EAEE, Riat, BEH, KA (2179)
RAEBNEEENRIMESTERITERE
............................................................ GAaig, BE, EE, K, Sk (2187)
HTUM MRS GBDT #IidR N B E=FHPEIZH 753E
........................................................................ BAbid, $elF7T, &F, £F (2195)
HTFZZE G RENTREFEEIS W 5%
................................................... FmME, IR, IR, RidEle, Hwig (2204)
HIAERHXLERBEFARTIZUCERAHRR
.................................................... B, MK, FRE, TMA,

- SHEERK -

ERMEWEE B EEGRIRA FHEA

....................................... g, RME, TR, B AXMR, THE (2219)
MR ARG TSNS B E R E RN E

................................... S, PR, TR, EREE, IRFA, S, Foklk (2227)

482 (2211)

(IIEZESI) (El) WFH LT
2015#012017 £ E P E“BramkH”
t [E & 8 E R 1% R Ef
P EBEMALFE AT
b B OB @& & 5 5 7
£ B + x % o 8 T
RCCSE 9 ENEF K E T
(MZExxHE) (SA) KR
(k) (AJ) WFETR
PERMZSIXHEE (CSCD)
d E B 5 BE W X ER T
ATl F & E T

o, M 44 RKY (A1)

E43% Fo Ml BETHD

*F B: EXHEMARAH
F B EXRBWERAR
% 8| PEOAREET O

CHMEAR) gl
HORR: CERIEAR)Y JREMAERA R
* fm: KB
BlE4R: 4k B A
SRIEEEIEE: F 2K 010-82812543
JERREEE: & A& 010-58386112
& 1T: 1A ¥ 010-82812465
Y% 38: 010-82812523/2672/2981/2982
M_E3%#5: http: / www.dwijs.com.cn
BAORGAIBEEIE: 91862+5 W45
& E: 010-82812980
o dk: 100192 dEHOER/NEREK 155

o ] L )RR A e A PR A ] P
B0 Ml db st RHE BRI PR

W E P LIt DEEF 6 5
BET: dIRTIRATR
B &IT: P EEREBR S 8AH
TR A E
MEXS: EKN 82-604

ISSN 1000-3673

EESE 5. —————————
P EREES RS ST
JTEZEFNES: il LR 758 0168 &

[ 4h 1474M

BRFIELASH: CN 11-2410/TM * 1957 * M * A4 *370% zh * P * ¥ 80.00 * 20000 * 46 * 2019-06 FRiXFAH REZIFRIFESEE R LR



POWER SYSTEM TECHNOLOGY

2019, Vol.43 No.6 (Ser.427)

Contents

= Artificial Intelligence Technology Application in New Generation Power System and Energy Internet -

Overview of Application of Deep Learning With Image Data and Spatio-temporal Data of Power Grid

..................................................... Zhang Yuhang, Robert. Qiu, Yang Fan, Xu Shuwei, Shi Xin, He Xing (1865)
Reactive Power Optimization of Distribution Network Based on Data Driven and Deep Belief Network

................................................................................................... Shao Meiyang, Wu Junyong, Shi Chen, An Ran, Zhu Xiaowen, Huang Xing, Cai Rong (1874)
A Very Short-term Load Forecasting Method Based on Deep LSTM RNN at Zone Level

........................................................................................................................................................ Zhang Yufan, Ai Qian, Lin Lin, Yuan Shuai, Li Zhaoyu (1884)
Deep Recurrent Belief Network Model for Trend Prediction of Transformer Oil Chromatography Data

..................................................... ....Qi Bo, Wang Yiming, Zhang Peng, Li Chengrong, Wang Hongbin (1892)
Pattern Recognition of Partial Discharge Ultrasonic Signal Based on Similar Matrix BSS and Deep Learning CNN

Zhang Zhongyuan, Yue Haotian, Wang Bowen, Liu Yunpeng, Luo Shihao (1900)

Short-term Prediction of Wind Power Considering Turbulence Intensity ...............c.ccccooconnnnenec. Huang Rui, Du Wenjuan, Wang Haifeng (1907)
A Coordinated Control Method for Hybrid Energy Storage System in Microgrid Based on Deep Reinforcement Learning
................................................................................................................................... Zhang Zidong, Qiu Caiming, Zhang Dongxia, Xu Shuwei, He Xing (1914)
Transient Voltage Stability Assessment Based on Sequential Trajectory Feature Learning
................................................................................................. sevneeenenZl Lipeng, Lu Chao, Huang He, Liu Yingshang (1922)
Power System Transient Stability Assessment Method Based on Modified LightGBM
Zhou Ting, Yang Jun, Zhou Qiangming, Tan Bendong, Zhou Yue, Xu Jian, Sun Yuanzhang (1931)
Interval Prediction of Wind Power Based on Error Decomposition and Bootstrap Method
............................................................................................................................................................................... Zhang Yuxian, Hao Shuang, Qian Xiaoyi (1941)
Research on Prediction and Evaluation of User Power Outage Area Under Typhoon Disaster

......................................................................................................... Hou Hui, Geng Hao, Xiao Xiang, Huang Yong, Wu Hao, Li Xianqgiang, Yu Shiwen (1948)
A Multi-classification Method of Smart Meter Fault Type Based on Model Adaptive Selection Fusion

........................................................................ Gao Xin, Diao Xinping, Liu Jing, Zhang Mi, He Yang (1955)
Electrical Power Meter Error Overproof Calculation Model Based on Fuzzy Neural Network..............cccoccovvcnvinrinneee Jin Yangxin (1962)

* Electricity Market *

International Experience in Construction and Development Evaluation of Electricity Retail Market and China’s Electricity Retail
Market Evaluation System Design Xue Song, Hu Yuan, Li Wei, Liao Jianhui, Zhang Fan, Zhang Xiaoxuan, Ma Li (1969)
Study on Strategies of Electricity Procurement and Sale of Power Retailer With Multiple Retail Contract Modes Based on

Information Gap Decision Theory ... ... Tang Li, Liu Jichun, Yang Yangfang, Zhou Ling (1978)
Optimal Decision-making of Trans-provincial Power Transaction Subjects Under Renewable Portfolio Standard

..................................................... ..Wang Hui, Chen Bobo, Zhao Wenhui, Liao Kun, Bao Xiongjiantao (1987)
Capacity and Price Range Optimization Model for Large-scale Electric Heat Storage Participating in Auxiliary Peaking Service

in Bilateral Transactions.................ccccccoooeveieivierercenseenn. Sun Jingzhuo, Jiang Quanyuan, Cheng Zhonglin, Luo Huanhuan, Ge Weichun (1995)
A Bidding Strategy Based on Differential Evolution Game for Generation Side in Power Grid Integrated With Renewable Energy
RESOUICES ...ttt e st b et b bbb e et s s s s s e Peng Chunhua, Qian Kun, Yan Junli (2002)
Regional Energy Transaction Model and Experimental Test Based on Smart Contract........................... Wang Dewen, Liu Zhiquan (2010)

* HVDC Transmission & HVDC Grid -
Path Optimization of Power System Restoration With HVDC Transmission

.......................................................................................................................... Gu Xueping, Yang Chao, Liang Haiping, Li Shaoyan, Liu Yan, Li Xinjun (2020)
Effects of VSC-HVDC on Receiving-end System Strength of LCC-HVDC

.................................................................................................................................. Xia Chengjun, Wang Zhen, Zhou Baorong, Nie Jinfeng, Hong Chao (2031)
Generalized Electromagnetic Transient Equivalent Modeling and Implementation of MMC With Arbitrary Multi-type

SubmOdule SEFUCLUTES.............coocovveieiiiei et Xu Jianzhong, Xu Yiliang, Zhao Yuchen, Zhao Chengyong (2039)
Modeling, Control and Stability Analysis of Three-phase Voltage Source PWM Rectifier

........................................................................................................................................................ He Shiming, Xiong Jian, Dai Dayi, Wang Ze, Lii Zhibi (2049)
Research on A Kind of High Voltage DC Circuit Breaker Based on Novel Inductance Drive Commutation and Its Simulation

...................................................................................................................................... Sun Yinshan, Gou Ruifeng, Yang Xiaoping, Ren Junhui, Feng Lei (2058)
Research on Topology Structure of Double-bridge Hybrid DC Breaker

..................................................... Shan Renzhong, Wang Shiyou, Liu Chuang, Cai Guowei, Jiang Peng (2065)




= High Share of Renewable Energy Integration *
Study on Subsynchronous Interaction Between D-PMSG-based Wind Turbines and SVG
............................. Liu Yuming, Huang Biyue, Sun Haishun, Zhang Yi, Chen Yahao, Yu Yongjun (2072)
Influence Mechanism of Wind Farm Subsynchronous Resonance on Magnetic Bias of Transformer
............................... Cao Jianchun, Xiang Zutao, Wu Dan, Yan Hui, Wang Yuhong, Qu Guoquan (2080)
Flexible Impedance Device Planning Considering Wind Power and Load Uncertainty
.................................................. Wang Yifei, Wang Xiuli, Qi Shixiong, Wang Shuai (2087)
Research on Sub-state Quantization Method of Wind Convergence Trend Based on Improved Shapley Value
........................ Cui Yang, Qu Yu, Zhong Wuzhi, Lii Chen, Sun Bohao, Wang Zheng, Zhang Peng, Zhao Yuting (2094)
Control Strategy of Hybrid Wind-ES Power System for Tracking Wind Power Planning Deviation
......................................... Li Bin, Su Yimin, Mo Xinmei, Chen Biyun (2102)
Control Strategy for Microgrid Storage System’s State of Charge Based on V1rtual Synchronous Generator
............................. Zhang Fumin, Bai Song, Li Zhankai, Pei Xuechen, Liu Yingqi, Ma Chenyang (2109)
Optimal Control Strategy of AGC With Participation of Energy Storage System Based on Multi-objective Mesh Adaptive Direct
Search Algorithm................c......... Lu Xiaojun, Yi Jianwei, Li Yan (2116)
Research on Frequency Self-recovery Control for Virtual Synchronous Generator in Island Microgrid
........................................... Zhang Yuhua, Zhao Xiaoke, Fang Yixiang (2125)
Reactive Power Support Strategy of Photovoltaic/battery Microgrid Based on ADRC ..., Mai Qianping, Chen Ming (2132)

* Power System *
Research on Operational Flexibility Evaluation Approach of Power System With Variable Sources
............................................................................. Zhou Guangdong, Zhou Ming, Sun Liying, Guo Zun, Gu Jiting, Sun Yikai (2139)
Study on Evaluation Indexes of Spinning Reserve Capacity Considering Reliability in Day-ahead Schedule
................................................................................................................. Liu Jiantao, Zhu Bingquan, Ma Jingwei, Xu Qifeng, Feng Shuhai, Li Weidong (2147)
Multi-attribute Investment Ranking Method for Power Grid Project Construction Based on Improved Prospect Theory of

“Rewarding Good and Punishing Bad” Linear Transformation ... Wang Zhaocong, Pan Xueping, Ma Qian (2154)
Investment Benefit Evaluation and Sensitivity Analysis of Incremental Distribution Network Based on Annual Time Series Simulation

.......................................................................................... Li Zhenkun, Ren Yuliang, Wang Fashun, Yang Xiu, Mi Yang (2163)
Digitalized Techniques and Modeling Methodologies for Distribution Network Planning - Review of CIRED 2017 on Power

Distribution System Planning ... Cai Jiaming, Xie Ning, Wang Chengmin, Fan Mingtian (2171)

Improved Loop-current-method Power Flow Algorithm for Distribution Network Based on Accelerated Parallel LU Decomposition

............................................................................. Fang Rui, Dong Shufeng, Zhu Bingquan, Xu Qifeng, Song Yonghua (2179)
A Signal Attenuation Calculation Method of High Frequency Protection for Hybrid Power Lines

......................................................................................................... Pang Fubin, Cui Yu, Wu Yi, Liu Yong, Gao Hailong (2187)
Oil-immersed Transformer Fault Diagnosis Method Based on Four-stage Preprocessing and GBDT

............................................................................................................. Liao Weihan, Guo Chuangxin, Jin Yu, Gong Xiao (2195)
Fault Diagnosis Method of Converter Based on Kernel Density Estimation Classifier

............................................................................. Huang Limei, Wang Wu, Lin Qiongbin, Cai Fenghuang, Chen Sixiong (2204)
Engineering Application of Dynamic Wireless Charging Technology for Electric Vehicles

............................................................................. ... Liu Chaoqun, Wei Bin, Wu Xiaokang, Wang Songcen, Xu Jinxing (2211)

= High Voltages *
Application of Convolutional Neural Networks in Pattern Recognition of Partial Discharge Image
............................................................................. Wan Xiaoqi, Song Hui, Luo Lingen, Li Zhe, Sheng Gehao, Jiang Xiuchen (2219)

Optimal Configuration of Arresters for Suppressing Power Frequency Overvoltage in Half-wavelength Transmission System
............................................................................. Yi Jun, Hu Wei, Chen Xun, Qiu Lu, Zhang Zijie, Hu Bo, Li Canbing (2227)

Sponsor: State Grid Corporation of China

In Cooperation with: China Electric Power Research Institute (CEPRI)
Chairman of Editorial Committee: Liu Zhenya

Editor-in-Chief: Zhang Wenliang

Editor and Publisher: Power System Technology Press

Associate Director of Editorial Board: Li Lanxin

Publication Number: ISSN 1000-3673

CODEN: DIJIES Devey#: 621.31

Address: China Electric Power Research Institute, Qinghe, Beijing 100192, China

Tel/Fax: 86-10-82812980

E-mail: pst@epri.sgcc.com.cn  http://www.dwjs.com.cn

Agent of Subscriptions Abroad: China International Book Trading Corporation (GUOJISHUDIAN) P.O.Box 399,
Beijing, China




