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Design of a service elastic scheduling system for steady state analysis across provincial and
regional dispatching centers
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(1. NR Electric Engineering Co., Ltd., Nanjing 211102, China;
2. School of Electrical Engineering, Southeast University, Nanjing 210096, China)

Abstract: The existing steady state analysis of power system application architecture has poor scalability and cannot
adapt to the large-scale application requirement across provincial and regional dispatching centers. To solve this problem,
a cross regional parallel power system steady state analysis service elastic scheduling management system based on cloud
computing technology is proposed. The key technologies of the system, such as overall architecture, container packaging,
resource isolation, service elastic scheduling, operation monitoring and so on are introduced and analyzed in detail. Micro
service technology is used to modularize analysis services. The container technology is used to realize the deployment,
isolation and dynamic expansion of analysis services. An algorithm based on the stochastic high-level Petri net model is
used to realize the elastic scheduling of analysis services. A variety of practical steady-state analysis service applications
proves that the overall operation of the system is stable, the system architecture has good scalability, and the application
requirement of the wide range steady-state analysis and calculation across provincial and regional dispatching centers can
be met.
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Fig. 1 Structure diagram of service scheduling
management framework
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Fig. 2 System architecture diagram
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Fig. 3 Steady state analysis service running process in container
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Fig. 4 Data initialization flow chart
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Fig. 5 Service health monitoring flow chart
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Fig. 6 Data saving flow chart
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Fig. 7 Service elastic scheduling data flow chart
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Fig. 11 Service monitoring and recycling flow chart

2.4 L{T”’_*I
A7 AR B A B A 1 ) R GRS

*ﬁﬂlﬁ%%ﬁ B S A o5 SR RS A . T
R AR IS TR %Aﬁﬂéﬁﬂlﬁ%&%ﬁwﬁ\
BRI AR LB ATIRES, s R AL |
& DR L ‘ﬁﬂ&%b&ﬁhﬂﬁﬁ?@ﬂﬂn 2o,
TELH P AR A A 12 s

FELEH] P AR B 7 15 i 55 S0 18] FR) 8 FH 5%
R2EE, BIEM L SMEUIRE 1P 2 HA
SEAF) L BRI AT B ERAE AR S '
WAL IR S5 1 2 R IR 55 SR 9 2 TR 0 BE SR &R
I HLBEAE 1 BB SR A AR AT S BT






-142 -

LR R R R 2

RAKEFI=

Ars BAID P #EaR

testl

testll

testi2

= E=ai) Ei=g

12 LR PSR
Fig. 12 Online users information

3 R%GNH

3.1 MEXK

ASCHGR I BT R GRS b RS 3 1 P &R
GEEE—NH 7 BB B/AR =T EIR RS,
B RS 2SI E 4 P Xeon E7-4850v4 16 A% b FH 28,
256 GB DDR4 {7, fEH b3 % T OpenStack £
AW laaS L&, fERUNLH 22 CentOST7.4
BERG UK PaaS JEmdff. KRGS 7IRAE
i R RERAE ) R RS MRS, i iR
25 g M VR FE R GUTE R 55 (RSB F DA 134 47
WERRINASIRSVAE . RS 1A R 0255k A
PTG g5 A EE WEB % /7 i i e FH 251
B EMARE RS . LL 1 MEZOAEF 05 10
AR FE L RIS, AT REAT &
R 5% 245 laaS 2 BILIE 1T IREE, Hrb 3 6754
RN SAAAETT S, 4 B SO SR AL
TEVH RS AT A E 5B IR S S A 2 R At
TR ) RAFRE TIRSS, RS540 i B2 U6 7]
B 5EEME EIE, o6 AR
F2, 5l 55 4 B ST AN R B Ao i
A Zudt IR ), AR B il 13 Fos.

48 J5 R G AT BT 1 R,

RAENBAT G-I T 5 G B RO AE TR
WRIEAT BHAS R R S 4 00 T I % fL i
1THRBEHIRE ST, PRAEFE I 2 5 A S 457 R B HRAIL
GA G MRV TN RS . RS0 E T
WItES R A 14 For.
3.2 MEEEMI

IS H AR 7 7 i SN LN a1 i R 2
FIMLRE 19 AN LR R DU T B 28 B 01 i iR 2%
R VIS R YRR, ERNEESR 16 4
CPU %, 64 G WAF. HEMNLY g E 15 Br

Jie i S 2 R R

FE R T E R

P A

FH P40
13 YIEEEE
Fig. 13 Physical deployment diagram

®1 ERHFRERHG RN

Table 1 Comparison of traditional method and this method

F P i X

H e s % K%
I
e w1 RS
A U5 22 RS 7 S
Web Vi, HRE
) Ak }
IR ﬁﬁég@gfﬁgﬁ$m F P i I
o 7 ) 7 R
SRR I R 3 VPN 71
‘ ‘ MRS, T
,—Ili D ,—Ili
TR TR i
A P ST A B, .
Stk =~V EIRE =
EER e R b =P EIREEE T
———
e LEHLBER SRS, H%E??%fﬁi
P, B
RS




o, & ARSI IRS IR E RG%T - 143 -
Ll BT LIRSS R R SR AN ﬁrrfusrz-%ag(wwm%
ks ol 0] e b HIRFFaRE ﬁ*&ﬂ\ﬁlm)
BB BESEE T anzg 667.0 .5 2019-09-03 15:08:23
1041.2
10412
667.0
667.0
667.0
667.0
667.0
667.0
1041.2
1041.2
667.0
667.0
667.0
667.0
667.0
667.0 2
667.0 7 X 2019 1.000000
667.0 851 2 0000
10412
EAES | s 20191009 19°51:40 | it Emms | Mt EEs 0.97
& 14 FE RERITELS
Fig. 14 Dispatcher power flow calculation result
“r BOOFREY  — 2k o BNNEEAR RN 143
50 140 - 3L
50 i o | 1y A
40f i 100 21
_~ & i 84 ~T
:‘—Qj > E 80F 69, P
= 30f - X i
2 ;\‘“ 60 - >
E - 4 _”
20f o o | -
14_pr” £ 3
10F 20F B~
0
0 1 2 3 4 5 6 7 8 9 10
ANPR il PR 1/24% PRl 1/44% Wk
A BCPUSERA] B 16 % ERIHLRS SO R itaE

15 BEHUNLAR S5 S R AE
Fig. 15 Service instance extending performance of
single virtual machine

INo TERSSSER] CPU (5 F R ANREI IR, Bl
TR RE] 14 AR A HRE A CPU
AR — 42— CPU Kt Al e A IR 2
FH2) 26 MRS A AT S FRGIPY 4> 2 —A4 CPU
1, B RER] 50 MRS A % EF] PaaS
AT SR CPU, A LikF|HHL CPU
AEMR PR -

MR RGeS Rl 16 Fros. 1E 1
2] 10 GBS SR, XA Ui
G SR, RS AR Y 2R Re 1A AR T
REAUHL CPU B F IR

TEREAUNIIA B o A 5 6 5 AL G 4R (0 1 B LL st
WK 17 Fios e BTAES 7 R E&HLITRBE,
TCIEREIY R, AT R 2N R K BB T
FEGL BRI 8.5 fif MR TH(HE 25 SR A2 MR PR B PR 5],
YR R AN W IR R R IR ) s EAAL
TEOL N AT R 2R IR B AL, X SIS FE
BB, FER S AL ST R 2.3 £ .

Fig. 16 Service instance extending performance of
multi-virtual machines

160
140
120
100
80
60

faiiety mA %

RO R I

C N e
17 fRE RS AR5 R REXTEE
Fig. 17 Performance comparison between traditional
architecture and this method

4  ZEip

ARSI T R GRS 73T 55 S A R AR
Geieft 1 I AR AS 7T IR 55 B A IR B A g At
RN, SEEL T BT SRR AR ST SR T R DL K
MRS IBATIREH AR . RGAEDH TERI%AE,
BT RERBE BRI T S Z0HE Ll



-144 -

LY EE X T EE R

aMreess, AR RGRRE R SEIRT. [,
FENE RE DN AR 55 0 R E RE 6 £ 9 A L T A
te) VAL e e ek D THIA B RE AR B MR IR, 780 K
TR BRI ), AR T RGN RAFHIAT 4

JEtk o
P
(1] 9KIE, RS, T, 55 5 EURATHENLYE KRS X IR

(2]

(3]

(4]

(5]

(6]

O L VAL JBK 45 2 B2 o S AL [0]. FE I B R 5 R,
2019, 36(7): 1047-1056.

ZHANG Yan, TANG Hao, WANG Ke, et al. Learning-
based optimization of direct current tie-line dispatch for
inter-regional power grid considering the stochasticity of
source-load[J]. Control Theory & Applications, 2019,
36(7): 1047-1056.

AR, BKIRER, TRRE, 5. 28 B HMIE B E 30
WAHM R OREBIAR ] RS E Mk, 2019,
43(22): 187-193, 216.

ZHAO lJinguan, ZHANG Yikang, SU Dawei, et al.
Architecture and key technologies of automatic cruise for
AC/DC bulk power grid dispatching[J]. Automation of
Electric Power Systems, 2019, 43(22): 187-193, 216.
AR, 5K, 7w, S RAMUR PE TR )

i FEL 9 22 A ) o XA AL SR [J]. HF [ EL g, 2020, 53(7):

114-121.
ZHAO lJinquan, ZHANG Qiang, FANG Song, et al.
Optimization strategy for black-start partitioning of
active distribution network to minimize customer outage
cost[J]. Electric Power, 2020, 53(7): 114-121.
WRE, IRF W, HEER, & BRKE T M AT KT
i SRS PR [J]. F 0 R GE ORI S5, 2019, 47(10):
73-81.
CHANG Kang, XU Taishan, YU Chen, et al. Discussion
of power system operation risk control strategy in natural
disasters[J]. Power System Protection and Control, 2019,
47(10): 73-81.
N, TG, &— T, % Fee s BB N — &b i
RUA S B ) Ak B 7 R ST 3). e R S8 E Bk,
2018, 42(2): 84-91.
SHAN Xin, WANG Yiyu, JIN Yiding, et al. Scheme and
application of integrated monitoring and fault codisposal
technology of UHV interconnected power grid[J].
Automation of Electric Power Systems, 2018, 42(2): 84-91.
LI Lijuan, CHEN Yongdong, ZHOU Bin, et al.
Linearization threshold condition and stability analysis of
a stochastic dynamic model of one-machine infinite-bus
(OMIB) power systems[J]. Protection and Control of
Modern Power Systems, 2021, 6(2): 242-252.

[7]

(8]

[9]

[10]

[11]

[12]

[13]

(14]

JERRAT, 2R, BRkRe, 5. T R SR IE I £ 8)
e L R GURAS Al TH[I]. T AR HL AT, 2021, 34(3): 60-67.
TANG Chenghong, LI Shufeng, CHEN Yonghua, et al.
State estimation of active distribution system considering
DGslJ]. Guangdong Electric Power, 2021, 34(3): 60-67.
P, BRZ, B F BEMREARETS
AHOCPE A B XARES Al 1 [J]. A BREEIRE BIEM, 2020,
15(3): 231-237.

LI Jing, LI Xingzhi, HAN Bei, et al. State estimation in
distribution systems considering distributed generation
uncertainties with correlations[J]. Journal of Global Energy
Interconnection, 2020, 15(3): 231-237.

VEPE, TOR, MRET, S BT RO B AR R R Y
WA LW R T ST 0], B RS RS S A,
2021, 49(1): 9-16.

XU Dan, DING Qiang, LIN Xingyu, et al. Probabilistic
optimal power flow calculation method based on a
discrete Fourier transformation matrix[J]. Power System
Protection and Control, 2021, 49(1): 9-16.

X, EMS 2 B AR S AL R — R LR
ZALFMED]. H1E B, 2007, 5(11): 55-58.

LIU Feng. Discussion on the practicability of EMS
advanced application software: dispatcher power flow and
safety constrained scheduling[J]. Electric Power
Information Technology, 2007, 5(11): 55-58.

HKi. IR N AR T R BT VAR EL].
B RS R S5, 2021, 49(13): 128-134.

ZHANG Hao. Research on power task energy saving
scheduling method in cloud computing environment[J].
Power System Protection and Control, 2021, 49(13):
128-134.

FOBA, PTG TR, S ORH SR R St
Mgt SSCL]. ARG S, 2021, 49(3):
142-149.

JIANG Yuemei, LU Min, ZHOU Haohan, et al. Design
and realization of an anticipated accident plan simulation
system for a bulk power sys-tem[J]. Power System
Protection and Control, 2021, 49(3): 142-149.

FREESR, TRk, PRISKL, 55 @M THRGE SE
IR T 2 HLUE A AT SEERIF T[], HLD R GRS 4%
1, 2021, 49(3): 32-38.

KANG Zhuoran, ZHANG Qian, CHEN Minquan, et al.
Research on network voltage analysis algorithm suitable
for power system transient stability analysis[J]. Power
System Protection and Control, 2021, 49(3): 32-38.

Mg, MR, SF30k. FET R E MPSVM KR &
SYSFETAL[]. TR 77, 2020, 33(4): 74-81.

QU Rui, WANG Shirong, XIN Wenlong. Power system



’—I(/J\ ﬁv %

AR O BT I 55 SR A E R i

- 145 -

[15]

[16]

[17]

[18]

[19]

[20]

(21]

transient stability assessment based on semi-supervised
and manifold proximal support vector machine[J].
Guangdong Electric Power, 2020, 33(4): 74-81.

SR, KBS, MEA, 5 BT Ul B EM %
fIH ) RBE S RE IR B R, 2020,
48(3): 61-68.

CAIl Guowei, ZHANG Qimeng, YANG Deyou, et al.
Research on power system transient stability assessment
based on improved deep belief network[J]. Smart Power,
2020, 48(3): 61-68.

TKah, BN —RETRURSS R HESER]. THE
HLES R, 2016, 25(9): 265-270.

ZHANG Jing, HUANG Xiaofeng. Application framework
based on micro-service[J]. Computer Systems &
Applications, 2016, 25(9): 265-270.

VRteR, SR, R, . SCE AR HIMR
JEi M RG R KRB R B RG AL,
2018, 42(6): 1-8.

XU Honggiang, YAO Jianguo, YU Yijun,
Architecture and key technologies of dispatch and control
system supporting integrated bulk power grids[J].
Automation of Electric Power Systems, 2018, 42(6): 1-8.
PO, TR, R, & BRT 2R A
BRG] BT ECR, 2016, 10(6): 8-14.
LIANG Shouyu, HU Rong, ZHOU Huafeng, et al. A new
generation of power dispatching automation system based
on cloud computing architecture[J]. Southern Power System
Technology, 2016, 10(6): 8-14.

o, &, XS, & T RS R R HU
FENLAI[]. HRI515R, 2019, 56(24): 67-72.

MA Bin, YUAN Long, LIU Wenzong, et al. Distribution
mechanism for smart grid based on cloud-fog
computing[J]. Electrical Measurement & Instrumentation,
2019, 56(24): 67-72.

WA, TAaE, L, 2. WM REER = R
GBI BT[] BaMER 5 RA, 2019, 38(5):
67-69, 86.

TAN Junguang, YU Quanxi, KONG Haibin, et al.
Overall architecture design of urban power network
dispatching control cloud system[J]. Techniques of
Automation and Applications, 2019, 38(5): 67-69, 86.
Jobess, IR, BRI & BT ER 4R
FRESHEY RG] B 51EE, 2020, 57(5):
8-13.

DANG Xiaojing, DENG Shicong, LU Qishen, et al.
Research on full-dimensional device status maintenance
system based on cloud computing[J]. Electrical
Measurement & Instrumentation, 2020, 57(5): 8-13.

et al.

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Hepnm, BUE, g, 55 RMiEE Al SCADA
ARG RN S REEARD]. BARFE ML, 2017,
41(5): 71-77.

ZHENG Zonggiang, ZHAI Mingyu, PENG Hui, et al.
Architecture and key technologies of distributed SCADA
system for power dispatching and control[J]. Automation
of Electric Power Systems, 2017, 41(5): 71-77.

RESC, Taw, R, &5 BT bR vk g
MRS MR T[], THENL LR, 2019, 45(7): 86-94.
XIONG Wen, YU Quanxi, WU Renbo, et al. Research on
task scheduling of flexible regulation and control platform
based on evolutionary game[J]. Computer Engineering,
2019, 45(7): 86-94.

WANG P, DONG L, XU Y, et al. Clustering-based
emotion recognition micro-service cloud framework for
mobile computing[J]. IEEE Access, 2020, 8: 49695-49704.
FZE, ok, BUKA, & ST Web S R
S BERVEAL ). THENLARSEN, 2017, 26(5): 9-15.
WANG Jijun, ZHANG Bin, GU Yongsheng, et al.
Evaluation of micro-service architecture for web application
in the cloud[J]. Computer Systems & Applications, 2017,
26(5): 9-15.

BAEHG. M HE#EAT R R E D] ® e
i, 2019, 5(4): 5-7.

LI Xiangrui. Power flow calculation of power system
using cloud computing[J]. Intelligent City, 2019, 5(4): 5-7.
AR, R, PRI, A BT R A B SR A
AR E R s it 2R RN B
RGP S50, 2019, 47(23): 161-166.

HUA Zhengian, LU Shixiang, QUE Huakun, et al.
Design and research of power flow optimization cloud
computing system based on elastic distribution data set
and directed acyclic graph[J]. Power System Protection
and Control, 2019, 47(23): 161-166.

X, 2L AR HEORTE DRaaS N H AT AL [J].
TR T2 51T EL, 2018, 35(6): 52-55.

LIU Weijia, LI Boguan. Application research on container
technology in DRaaS[J]. Microelectronics and Computer,
2018, 35(6): 52-55.

s HER: 2021-06-17;

i&E HEA: 2021-07-26

EEEN:

I AB1978—), B, ML, SHRIANF, KEHH X

5 5 5 ek AR A SR AT A HF 7L TAE.  E-mail: sunch_2002@
hotmail.com

(4m#F 22/ m)



