*
O3 AZINEETF PEREAZINEATY ISSN 1004-9649
% 2 X hH PERISSINEIEE (CSCD) ZINHAT CN11-3265/TM

ELECTRIC POWER

@mﬁ;ﬁ@

T G CG

if@5'c 0 J1r=m |
B RAEELERRT S

ISSN 1004-9649

‘ “ ‘ ‘H I
6 ’l

9“771004 96421
. * . -




Yy

ELECTRIC POWER

(RERD) HEERE

BEIRZER

g

EEER Kz

BlEEER
R 4gic

B

ot F OREIR
FRRIE B (i KL 2 35 )

E &
FAE B
% B 5%

D
X e
B &t

FE R(EBEERLIHR)

T B
XA
AT @
e 2
Y 3
KA
B 5k
& —%
B 4

BRI 42
ik
FBRR,
e
FHF
A
e
# o
I A

Fate

L&D
S

IHIL
& LI &
B
14 R
E AR
RAIRS
#A Ikt
FRZ LT
2%

=N

B BR8] (2245 % 36 ST 5454 )
Kevin DU (Canada)
Wei-jen LEE (USA)
Kwok Lun LO (UK)
Xiaofeng ZHANG (USA) Henry ZHAO (USA)
Suyan ZHOU (France)

N W

x| & %
FhAAE

x| B
FH
® %
R
% #
Wk B
D

Laili LAI (UK)
Hao LIU (Canada)
Jianhui WANG (USA)

£ & AHrAe EaEL

BlE®R RER
FHRITER
RiEmE & 1

*xf8xX

& 7

K
KEX #H

#*OKRTAR PR

F EImK

W

ZHONGGUO DIANLI

$E 545538 2021 £ 3 A

£ ]
TEBNRGRKARSITREMESHRREIER
""""""""""" gK]\éﬁ\H! g{{%—‘_, 'f‘%glj—; g{{ﬁ%};; %%Eﬁ; ﬁ%%%

BxX “+=1" SskaMEATmEE: (X) E#HES
ATHERAEE

B BRI E ettt ERC, MBS
TR ER G T N E s B WG S YIBR TR DT
.............................. :j’—i'\;é-z_ﬂﬂ, S‘([J'/{F\, i"-_—T‘-_, %;‘%\;$, ﬁ*ﬁ’ %;\X
BT R BN EERE BEMIERGHIERE NEIRBIE X
........................ SEHY, EEIE, SEC, WER, EE, KA
R T AEEMEENBERATHN A
................................................... B, PE, BE, HEH
E T o4t Faster RCNN B9/NRENR BERIRBI R ERL
.............................. DL, B2, WEEK, IISE, okl
EF DBSCAN-FPN #9% B 25 BRIRA BRESAC M 75 7%
................................................... BIEE, W, W, 25
EFREZIFEGRIAR G B A BR4Z e HNE
.................................... ﬁﬂkﬁ, ﬁ'%, E":WEI, D, FE
BB UEIEPEBIRERN Ao T3, TEM, OH

5G FH—RIEERAERRERM PRI AR
8] CPS BT 811 4G &L M6 5G &t 5K K

................................................ ﬂz:\j(, &, £, FE=E
— M ET SRS B S BN I & B MRS 70K
........................... X%, N, BEY, kT, HE, B
5G-V2X H B T £ bk 2 X S B B 358 3 78 B ub A &l 755K
....................................... ﬁ‘\E\;Eu, %/EE\%“—_, %B;yﬂﬁ, 3:_[75'\;5’ g.Ki_EL
5G Bh DN YERM . MEEMERERA
....................................... :’ﬁ?\E\EE‘[, 3&%}3}%, I%‘E, %q:*i;tjt\’ gkig

0 7

(12)

(13)

(23)

(31)

(38)

(45)

(55)
(61)

(68)

(80)

(89)

(99)




“ERHITIR IR IZHIT

Fr Sz O HEA T

Hh = AT 5 BEHA T

R ERZ S| SCEHEE(CSCD )i 0TI
H E R Az O EA T

RCCSE HFE#Z/UZARETFI(A)
FERIZCHEN(SA, INSPEC )W EA T
BT Hr TR ZAENAJ of VINITI ) BEEERT
EEKQIIFRIZE SN CSA )R AT

F E RIS XSGR ER T

[ R 45 SR BB SR HA T

F SRS HA I £ EE U SR 2R T

= E#A T P U SR EA T

R EB HIRFIESEFERTI

FiL )
IR R G MV B R 5 BRI N RO R SPK AT 7%
................................. KB, ki, WFH, BEE, MR
—RERE IR 8 5 [ 59 3 L 0 B F% BB LRFE ST
--------------- 2%, BREB%R, R4E, sXR, FTHHE, E5X
Rl B B AR RE R IR
....................................... Bs, XD, N, ZER
HT EEMD-SE #0 PSO-KELM 895z #A 515 X [8) U0 75 5%
.................................................................. K, NGk
BETE K REKNIGRIE N AT TTIE o eeeeereeeemeneeeee e
THREB&RSEZ WNE R IEE DT 5 it
........................ kb, HES, BoY, BEL, SRS,
B, £, BMP
ET 5 E6MERSuH ELECTRE AR B ah H RIS

xH
E T hAS MR R IFSE Sl R AR 5 L

........................ BRxk R, V3—%, FBifE, TPH, SRk, BHE
SR RS- TR SR RE R 1D

.............................. Wk, WEB, FE, fmr, =,

KB, PR

ET@ERARS WP IR EF LB R

------ R, FXE, K%, KEx, E75, BE=, KN
ETeFa B AN SCR B RGN

................................................ S8, K4, BPEE, KK
BT R KB EA RS TR
....................................... BEY, XX, KEE, Hiek

(109)

(117)

(125)

(132)

(141)

(149)

(159)

(168)

(177)

(185)

(191)

(197)

FREME A

( A 71,1956 S£41]F] )
%54 5% 3H(EE 628 #1)
2021 3 A 5 B

FERAM: AR MA RS

AL B W AR AT IR A PR3]
FEEIEEES
AIRAL IR IR AT R IR PR 8]

HEHAR: (F B ® 7)% 83

o db: AW F G F XL ZAKR KA
FIRE T KB 18 5B R WA
&) " H X B315

BRBI4RAG : 102209

B iE: 01066603808 (4435 )
010—66603801 (]~ % X 47)

£ E: 010-66603578

M _Ef2fE: www.chinapower.org

Ef Rl : Ak R A B R A PR ]

BE T ARTIRANZATA

T W: 2EZYWE

ENHEZKS : 2-427

T/
3| WIF:E'HI\ 50.00 77::/ il
600.00 7T/

E s &1TKS: M—276
EShRET: PEBRES TS LG
(db7% 399 1544 )

thER A A AR S, IS 10049649
CN 11-3265/TM

JTEBIES . ® g 7% A 520190011

7= BH ,
FHESHXBEESE, FY |
 EHBEES S UHFAARES .
- L. KT, SEMELEATLX,
 ZBEEZENERES AR — |
R EEMAHRIXERKN |
TARMRAREART LR,

BT EEASH: CNI11-3265/TM * 1956 * m * A4 * 204 * zh * P * ¥ 50.00 * 20 000 * 25 * 2021-03



ELECTRIC POWER

Vol. 54 No. 3 March 2021

Special Contribution
Model Construction and Pathways of Low-Carbon Transition of China's Power System
------------------------ ZHANG Yunzhou, ZHANG Ning, DAI Hongcai, ZHANG Siyu, WU Xiaoyu, XUE Meimei

Special Columns on Smart Grid Key Projects of the 13th Five-Year Plan: (6) Advanced
Computing and Artificial Intelligence Technology
Cyber-Physical Risk Evolution Analysis of Active Distribution Network under Feeder Control Error
................................................... WENG Jlamlng, LIU Dong’ AN Yu’ YIN Haoyang’ HUANG Zhl, QIN Han
Data Security Risk Recognition Algorithm for Energy Cyber Physics System Based on Function Mining
------------------------------------ DENG Song, CAI Qingyuan, GAO Kunlun, ZHANG Jiantang, RAO Wei, ZHU Lipeng
Application of Formal Methods in Power Grid Cyber Physical Systems
........................................................................ HUANG Ll, LIANG Yun’ HUANG Hul, ZHAO Ruohan
Small Scale Invade-Target Recognition and Location Based on Improved Faster RCNN
...................................................... MA Jlngyl, CUI Haoyang, ZHANG Mlngda, SUN Ylhul, XU Yongpeng
Detection Method for Bolts with Mission Pins on Transmission Lines Based on DBSCAN-FPN
........................................................................ ZHAO Zhenbing, ZHANG Shuai, JIANG Wei’ WU Peng
Intelligent Storage and Retrieval of Power Accessories Based on Deep Learning and Image Recognition
...................................................... ZHAO Yonghang’ FU Xln, GUO Yang’ BIAN Ylngylng, WANG Slnmg
Data Middle Platform Construction and Application of Intelligent Power Stations
................................................................................................ WANG Yl, WANG Zthel, HE Xln

On the Applications of 5G and Other New Generation Information Technology in Energy
Internet
Evolution Strategy of 4G Wireless Private Network to 5G in Power CPS Environment
..................................................................... ZHAO HOngda, CHEN Chen’ WANG Zhe’ WANG Haiyong
A RF Fingerprint Based EloT Device Identification Method
................................................ LIU Ming’ LIU Nian’ HAN Xiaoyi’ PENG Linning’ FU Hua, CHEN YiCOng
5G-V2X-Based Vehicle Charging Station Planning Method Considering Different Land-Use Types
............................................................... XIONG Ke’ WU Siyu’ ZHENG Haina’ WANG Rui’ ZHANG Yu
5G-Enabled Electricity Internet of Things: the Network Architecture and Key Technologies
................................................ XIONG Ke, ZHANG Ruichen, WANG Rui, ZHONG Guidong, ZHANG Yu

Power System
A Method for Assessing Harmonic Emission Level of Photovoltaic Access Point Considering System-Side Harmonic
Voltage Fluctuationg:«««««=«+esosererserececceeenencee. ZHANG Xu, XU Yonghai, LIU Ziteng, JIANG Haiwei, TAO Shun
Transferred Ground Potential Characteristics of Independent Ground Networks Caused by One Artificially Triggered
Lightning
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CAO Xuefen, CHEN Shaodong, LIANG Hongyu, GAO Wenjun, LI Hejie, CAI Zhanwen
Galloping Equation and Primary Resonance Investigation of Overhead Transmission Lines
........................................................................... MIN Guangyun’ LIU Xlaohul, SUN CeShl, CAI Mengql
A Short-Term Load Interval Forecasting Method Based on EEMD-SE and PSO-KELM
............................................................................................................... ZHANG Lin’ LIU Jichun
Short-Term Power Load Forecasting Method based on Glowworm Swarm Optimization Algorithm
........................................................................................................................... FAN Haihong
Analysis and Improvement of Active Arc Suppression Algorithm Considering Effect of Distribution Line Parameters
--------------------------------------- ZHU Zhanchun, WEN Shengxue, TANG Jinrui, RAN Ronghua, YUAN Chengging,

YANG Hualin, MOU Hua, DENG Congzhong
Black-Start Scheme Evaluation Based on Improved ELECTRE Method and Comprehensive Weight

......................................................................................................... XIANG Ylnxlng, LIN Jlkeng

Generation Technology
Research and Implementation of In-Depth Frequency Regulation Technology with Heater Removal
""""""""""""""""""""""""" CHEN Huanle, GUI Yishu, CHEN Wei, WANG Yang, LU Honglin, MING Lei
Effect of Inlet Air Heating on the Performance of Gas-Steam Combined Cycle Power Plant Unit
--------------------- ZHANG Tao, LIU Zhitan, GAN Xue, FU Zhongguang, YAN Zhiyuan, ZHU Hongfei, QIU Zhenbo
Experimental Research on Vibration Control of Ultra Low Nitrogen Gas Boilers
--------------------- JI Haimin, LT Wenfeng, YANG Dong, ZHANG Jihao, DONG Fangqi, ZHOU Qulan, ZHANG Yifan
Analysis on the Optimization of SCR Denitrification System Based on Life Cycle Cost
.............................................................................. YAN Min’ ZHANG Yang’ GUO BOWen, ZHU Yue
Research on Data-Driven Optimal Operation of Slurry Circulation Pump
........................................................................ XU Zunyi’ LIU Wenhui’ ZHANG Xuran, ZHANG Haiyan

)

(22)
37
€0
(44)
(54
(60)

(176)

(79)
(8%)
(98)

(108)

(116)

(124)
(131)
(140)

(148)

(158)

(167)

(176)
(184)
(190)
(196)

(204)

ELECTRIC POWER (Monthly) Vol.54 No.3 (Ser.628) March 2021

Competent Authorities: State Grid Corporation of China General Distribution: Beijing Office of Postal Service
Sponsors: State Grid Energy Research Institute Co., Ltd. Distributed Abroad: China International Book Trading Corporation,
Chinese Society for Electrical Engineering P.O. Box 399 Beijing, China
Global Energy Interconnection Research Institute Co., Ltd. Add: Tower B, SGCC, Future Science Park, Beijing 102209, China
Editor and Publisher: Editorial Department of Journal Web Site: http: //www.chinapower.org
Editor-in-Chief: TANG Guangfu, WANG Yaohua Tel: +86-10-66603801

Publication Number: ISSN 1004-9649 Fax: +86-10-66603578



