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A circuit breaker status visual monitoring system based on SOA and virtual private cloud

LIAN Chunjie, WEI Hua, QIN Shengchao, LI Zongsheng
(Guangxi Key Laboratory of Power System Optimization and Energy Technology (Guangxi University), Nanning 530004, China)

Abstract: The existing Circuit Breaker Monitoring System (CBMS) suffers from some problems such as information
dispersion and is challenging to visualize. To solve these problems and to offer real-time visual monitoring of circuit
breaker status, a Service-Oriented Architecture (SOA)-based and Virtual Private Cloud (VPC)-based CBMS (SV-CBMS)
is proposed. The SOA architecture is adopted to encapsulate the basic functions of the system into interface services and
calls each other to realize the overall function. It has the characteristics of low coupling, easy maintenance, and easy
expansion. It deploys the system to the VPC and integrates the advantages of high performance, low cost, strong disaster
recovery, and high security of the VPC, thus realizing the interactive and cross-platform B/S mode Web client. As a
decision support system, it provides a strong basis for power grid dispatchers to monitor the entire power grid reliably. In
this paper, the principle, structure, characteristics and deployment process of the proposed system are introduced in detail.
Operational results show that the system improves the safety and stability characteristics of the power system, and meets
the reliability requirements of the power grid. It has been applied to the actual power system and has a good application
prospect.
This work is supported by National Natural Science Foundation of China (No. 51167003).
Key words: SOA; virtual private cloud; circuit breaker status monitoring; visualization; safety and stability

0 31§

T % SR A L ) R G AE B AT I R
fEff . BT FE i e TR, H S gk
PR, HAMI L A XA A S L
42 4B A7 1 BT T RIS mal-2), I ELIE % o 1T
BAWY K, HARFNELEERREAEEK, B

EEWH: BXAAHFALAE %8 (51167003)

TIZRGER T KK A, T AT ) % R e
FEAE BASE 2 AE BN SRR R R, X W i 4
RESHEAT WAL AT ORI e o B00s HL R IR s IR 2
BEAT SN ML, IR S 25 RO 3 R B2 T T
TENGL, SELRT AL B2 3

BUA BT 25 DA ST AR S DL 1 Wit 4 3
TEAE 5 BRI SAAHES, AR DU A

(1) WIS R A R, RS S B
W EEREAT S, AL IR . filhn, s h



- 156 - CEEE R R

Al B o, HoRARERRR R . RS RE
WS HHRLRIATER 50T

(2) Wi 2% 1S BB . ilhn, A8 [F A
FHTAAS B R Wi A B E(S 5 R, REE
Wi ZHHE, ToIERIN EoR B Wi 2% 24 10 i sh 1
RES.

(3) ARG HEAENEAG, KRAESLIESF & . 5
WEEAE, METZET N REESEE.

(4) AR A = R 54, BT
e whE. BE MR,

BE%E SOA HIARM K = iHHH A KA W
K, FEH ST WA M RB IETE R . ik
[0 e R ERAR, B HEMNERE A THH AR
N TR SCHER[L0]8E H T 36T VPC 1 H 711
FEHMLARSR, ZRG LA WEE. KU, HFIESL
bR 1 R G HRNIE AT . SCER[1L)Fs R =i
Fi AR CAFE AN T W 248 2 A FIAR B R B AT 2 T
DL AT EEME . e et n oy 23 2 L) R Gis T
IR RS T R . SCRR[12]F SOA M THL g
RAMMBETTE, Jem TIHEMRCR LR . SOk
(1315 XA I KRB EAR REER, $EH T —Fh
SOA BT 1%, ZI7 iR R SEbR N FH RE S 2 H 1 &
S5 X 3E DA A e 7 oK

E RS, AR T —FM4E VPC 5
SOA ZEF4 I T B 2 IR AS S FTRAL I R G, % &
28 ] LU G AT T 265 A RS i 28 48w AR A TR A
R BORNE R, L T R R A ]
PEER

1 VPC 5 SOA %244

1.1 VPC

VPC &2 —FiE T i HE AR 24, #ik. &
PERb = B AWML, H i@l VPC 7E = Eusi
H-ANREFAE WA, 8 L et
RO, HEA LUK R

(1) M4 AL : T OverLay™ M5 A 7E 4 H
2% A _E R 3 R O 245

(2) VPC 2 [a] 5 4=Ra B« i VxlanlSp i3 it 4
A~ VPC M 3EATRRES, AN VPC Z B fRiE— 2%
HEEE, TIEEBERTRE;

(3) AT & XML IREE: Tl [ 52 X IP ikt E
PR % AR R OGS, 4% 7 0o P 2 1347 R An A
B,

zi b, VPC Hgmthhe. mze et L ss
R B VPC 5 L) RGBT R A RAS AT LA R I R
Guehity, MUK T mirHEARRRE, ETE%

5 B4 TR B A R I s 7 5 i v SRR 3R E,  HL
BEG i HH AR Z 3 Zh & 4R 68 ) &L =
Mz atime. ERBEEARE T, 4546 VPCHETHERE
MRS 8T, FITF R RGERITTR de 5T+,
HRIRBE K T IS 4E A
1.2 SOA %243

SOA &M M AR S5 R R &850 — LIRSS
Ry, MEBGEG, TSI ERY R A
RN, FE I e YR AT 3 O 5 RS 2 TR 32
21K N FHFR P IS [ ZhRE S oGIE B RIS, RN
3] 4% D REAR A 1 77 =R BT AR 5% B H I A R
%%, RGELARGETE W H 5 ¥ RS20, SOA RS
FES TR

(1) ARS8 358 R 2 I T RE, RSS2 4 ki
J&E (PRA HIR A 124

(2) ML TV & #1E R G L mFEiE
5 AR TIEE T, BA R T EE

(3) MAALEIE . H AR URL Motk A ff
IR 257 3 b e D5 A 7 238

A SOR: SOA 1N R 48 1 JZ B FH 2244, ARAIE
RGfEEFER, FHESTHERIE. 29 &
Gy Y — R s,

2  SV-CBMS Z2#)f5 /Y

2.1 SV-CBMS RYRE {2844

T VPC B A ASCHTHE H I B A IR A 5
I AT AR ) R G R AR 2R M [l 58 VPC A%,
Kl 1 Fm.

1 SV-CBMS HIRE {5244
Fig. 1 Hardware architecture of the SV-CBMS

WE 1 EEABR, 2 iR%5 4 (Elastic Compute
Service, ECSI?®) . = %% 4f& FE (Relational Database
Service, RDS[?4) ., 171 %k 1517 (Server Load Balancer,



5T SOA HIEWALA = 1Mt 2R AL I I R 4 - 157 -

SLBII) J % < (Virtual Private Network, VPNI26I) 1
N VPC A EBH R LE, /2 SV-CBMS HAE{2H
o o

ECS £ B2 — Ml B 2. AL BERE ) AT 3 A
MRS, RAEEIRS A BRI E
J e #4551 SR I D e

RDS LRI, T ECS, W #ME4E iz Hy sk
i, W B IR O RGP HE S AR e « mtkRe .
] SE B R S

SLB #&ftxt 24 ECS #HATILE 7 K I 7435
MHiRss, wILUEE R K YRS RGNSk
25 1E 77, LT BR B RO RSE T R R G AT

VPN Y& 4i 1) Web 75 i S8 1 Https 44, Xf
AN AL A I R U () SSLVPN JdiE, 55 7 vty
G PR BB 7MW S R e A N

IR VA ES 53 9k 2R SRR R A ] 2 s

Q@ ~C
O -® -0

RDS ECS VPN

[#l 2 ECS. RDS. SLB % VPN By£ &
Fig. 2 Relationship between ECS, RDS, SLB and VPN

_______________

,,,,,,,,,,,,,,,,,,,,,,,,,

! ,
CRBERRERIE )
|

I DU R AUME A4 2 R I i A2 BT
2, 24 SLB B RS R I, &5 HHH T a0,
IRPEEIE ) ECS #EATHIR 7 #rib 2, ECS 15 RDS
BHTAZH, FPiERIEEEEE RDS, {R4E T %
P AafE . B SE R E, ECS 84 AR %5
i VPN A5 2 Hitps 145 1 Web 2% 3 .

Bl 1R85 VPC XM R %% » B SV-CBMS
AL AT E BB ThRERY PC sl W8S i T, &
TSN TFAL PR SR X RS 50 15 46 B A o 1t b SE2
T ¢ 2R RS
2.2 SV-CBMS RUIhRELEH

FET SOA %4214, SV-CBMS [IhReLE M=
Ay, e = . ECS i & RDS . o,
A B it L B i R T RDS il B B
TP BRI PR 5 HOE > AR T ECS ui Bl 4K
PIRECRTT . B T soc. BRSH TG, Wik
PBE IR S5 B IC R M TG, IR T fE BT A B
RE5EEXRARWKE 3 Fir.

Kt e B T T U BR[0T H2 Hh ) = R B2 &
G, TN SRR AT R, W SV-CBMS
(AR SR R T L S Bh A8 508 =2 #F

RDS i /1 (1 245 B A7 it o0 5 8 A5 B
AT At B R B S B A H A SIS ECHE W T
AH AT R DT SR, AR BT B SRR AR
= RGBT 45 A

77777 l:iiiil it Vi N

I
1
1
1
I
1
]
1
I
1
1

7

3 SV-CBMS KJINRELEH
Fig. 3 Functional structure of the SV-CBMS

B SRIE A T 0] 2 VR R i ) T A e A
FLICAHT RDS 3 FRR B A5 A7 T AR AR T K,
S8R LB ) SEIRE A2 L, RIS

HHEE B s S EERE R . b ahas 5 B s gem
WG KM RENME, #8(E S aEREEN PID &
T EERRA,



- 158 - CEEE R R

Hda 7 Hr 5 T  SURE B PR TC SRR Y S
I REAS (S b — I 2R ST LLRL, 20 H
S BIEIRES, e, 7, BAARNEIE 1.
9 12 L X I B 2 44 P K HL T IR AR B A4 PR,
SEHME—XIRR R, AR EREER
R g3 I Bl Xt o [ SRAY AT 32, B 4
I R, AR R SRR, A7
il EREAS Bl 0 K AF it e, BARNA L 2.

=1 BREREERTS

Table 1 Operating state of circuit breaker

AL FIEEAE MRS
. 1-0 syl
Wik 0-1 & I

7 2 BiRRSRE{EAR
Table 2 Operating types of circuit breaker

g AR SEAIE T
%F 0 B

WiEEs

" i KFo0 T

P 2 B0 0 B0 SR 2 K 20 M BT A RS
HAE N SVG KB, ERREEE R, IHEEIREE R
EEMITHTT,

b it s A0 A 55 BP0 MIE 15 Hedle 20 A T
AR Lk b T A iR A H SR SR B OGRS
IR FR AT R, A& A M T T LA 7 it
7R,

X 0 e PRI PR 2 ) e A B ) PR T A A A
SVG AR T _E 7R, SE 7R fr A s o 1) 3
TERE, HAEGHIE 3. HM TR T RN
HC I e 25 Bt Al 55 ST P B AR S R, DLRAR St
(2O Wit A s VR R REAT B

* 3 ERSRIRTSHERRXS

Table 3 Coloring distinction of circuit breaker status

7R 3l 44 %) 1 %) 2 ith £ 2 (7
0 0 %
, 0 1 AN
Wr e 25 44
1 1 4
1 0 %

7 i R i BB X B Sl I R E ) URL X
T TTHEAT SEIN VT ), B 1Rk R R i T B
WE.

3 SV-CBMS Hy4EES

3.1 REMSR
—ANEN L RGN E BAT S AR e, JL
W, R SCRTER R G 2 4 M R A B e A R 4%

GRS .

1) B w4

AR F ECS F1 RDS W4, SEBLT RS %%
SRR EM S, AMUBERL T ECS B E 3R,
AR T B0 U 1 () 22 4 Forb RDS A& —FhE]
FREPA . ZAmTEE. AR 4E 1) 5% R IUTE 2R E
e, FIH RDS &8 T o VFEESLEI IP 4 5,
FERGAEE] T VTR, HoRAH ERSE, ERZIEH
FFEGEE, 43 RDS S kAT, R4t H 3k
B e R 2545 F RDS 2451, m] Sz P30 6 b
Wr )4, FIFH RDS )7 St £ ¢, J8 i Bdm A& far sk
P BB SR [, SCRF A A0y SRS, TTE
T B SR PR A B R ()T A, AR IR A
RDS s FH 3 = 1 s ) e 4k

2) 2%z 4

WX 2 22 AARIAE =N 51T, 3l & VPC. RDS
& SSLVPN.

16 VPC Wi, 7T H FEFR 1P subku . &5
WIEL. BLE M HRMME, HIET Overlay HiARWK
it T R, I Vxlan BRSO EE— A VPC 3T
B, fRIE T AN VPC Z el — 2k 5, ik E
HATHE . VPC AT AFEIES BT, AN o vl %
SR K5V 0] = J2 M4, ST S N A
5781

XIT RDS A&, HEIHFE 7 DDoS Fid, il
BERSMH A SSL N, Abds T R RN RBEAT N, JF
TF 58 AR N2, A 3003487 SQL IR
T HEE R o

e & %t #] VPC 28], 4% T SSLVPN i#
I, BE SN VPC T AT ME— I B B0 . F
HEAER CA UETI ECS X Web &/ i 47
Https 1., E— M5 E%4liE. ANET Hitp B
WA SCAE S s 1 77 =X, SSL A T 40 A7 8t 7 AF
N RC4 N SLE, M EFRHT I, RSumfE
P2 MR AEME, #HEEaedBEFERE, AR
A FARIE T W4 )% 4

2t ERTiR, SV-CBMS i /& 7 HL W B = A 22 4
PEIR.

3.2 AT EM SR

ASCHTHE R AL R SOA 224, T8 /7ia
ITHEE N ECS, WEIRIE T RS Hn M. SOA
ZERR N FE T I ThRe R R Ss, IR S5k 2
AN S T 3z, FE P ThRE 2 8] A AR s T B 21 A1
F— R Thae kAR, A2 SELATh RS 1,
HEWSEIhREWBEE, KRGWREIERIET, HPY
JERRZ AN B I ) e A o AR B B B ) 7 B ECS



5T SOA HIEWALA = 1Mt 2R AL I I R 4 - 159 -

[ S48 AT s 99.95%, A EE: S 99.9999999%,

MARAS_EORRR T RS SEE. HR, VPC RAIARSS
a SR B AR, B A AT, AT
P REYER, e Ehdm 7 RG] 5

4 SV-CBMS HIERESBITHMR

AR RGIEATHE TP E TR =, ECS
lid & & Windows Server 2016 R2 #rifE, 4 #% 16 G
ROM, RDS it & & Microsoft SQL Server 2008 R2,
41% 8 G ROM, 100 G fFfiti=[al. AdFH I K
T H.F %4 Visual Studio 2019.
4.1 SV-CBMS HISLIT /53%

SV-CBMS ISl 7284k EAL 8 DU =AMPER:

(1) SRHEXBT A% ST R (S 5 B S S B

(2) ¥ A5 (5 Bt AT L, A W B 2R sh 1R AR
A, AW ISEIRSE R, XMW S s IR
15 B 5@ NME AT A 2B O BB ER UG B,
et HoA7

(3) FRHE SR B g 2 RS RS B, H A
B SVG B, LA TR SR 2R, 5 Eor HAR
BT 5, FWrEg 28R R AUE B S RIKGE .

Horr, gkadi sy, BARSLHPIRQ)E & R IASL
IR

(1) ZHm 73 Hr B 0K 3R B 1) SR 18 15 £ s ST
— URIEAE BRFERE 34T EU A

(2) F Wl 2 2E (FAE AT 5 RS — 0, FREUH
PID A5-5 BT 0k B (1) 7 % 2% 44 Bk A B J 748 Ha iy 44
FR, BEME—XTRIAICR, A RBrigaRES (5 B
RIKLE BT 22 BT 5

(3) AR W7 B AR AT B IR U 7 W7 B 4% 1) 38
WME, 5515w pa i FRAE EL s, AR B it 2% 1 28
BAE . REMMEAE R e RIS ER AU B, BalfESR
UG BRIE S TEAG S 7 AT T

(4) T2 o B W B 28 IR S5 S, FE TR
#IREE B HERE Y

(5) ¥tk R ANVERAUE B MG 44 | Tk 4%
i Wi 2 BRI —— X B A 7R 1B 15 B 70 2%
yEZ At

(6) W7 % 5 H A Ik 55 B T 13 B {3 2 9 R A7
fit B oG RN AR B R BT T AR AR 2R A AR O
FE, R R R ARG BT B

(7) BENBARSZHUE R (3),  [FIRE EIEAS B AT
FEAE B DA TS AR R TER T

ARSI IR (B) LS N R ST A

(1) NI ciEE SVG HARZ R E Rg K
T, AR MR R R SVG EIFI il SVG K,

(2) W TR TR T, R iR SVG BRI
TURITTIS Sy, A7 SVG BB AEM TS 635557

(3) 1™ 5T 07T A BT il 5580 7 S I 5 BT 2
WEREAER, EHfA# SVG B, IR SVG i
IAEGif SVG B HREES (5 B SR ERAE B

(4) 1™ DT BR T A BT I 8 250 IR 2% B e Hh R B )
ERAME R, FRRIEBOE R W ERAUE B
Hhgt B R E SRS R

(5) 2% st ek X 28077 1) X 50 6, DA TR 20
W BIAS BAER P o AT R, ] DAk B3R B iy
PRESEAEIR S oo EEE B, IR TR

5 ¥ 1% SV-CBMS il it Internet {55 A%
(Internet Information Service, 11S) LA Web & 7 % [ T
{7 KA, Zik, SV-CBMS 15 LASEHL.
4.2 SV-CBMS HIBITHIR

SN W7 i RS TR R ST 5 P D e
TR, 73 9 W g AR A i AT IR R 2 IR S TR
%, W 4 MK S Fros . IR i 2 5 TR Wik 4 1
FIWEIRAAS BB 1 b DL Y th 28 18 2 ) 1 B2
TAE NGRSt 5 I 2522 F ki T i 2 11
FERMEERE . A A & FidE TS, JF
AR B AR . AR N AT R AN TR 5
THIFE SR — I 18] A 2 BT W Bk 2 A s /RS . sl
FAY, BN H IS AT 16 O AR 2 A ek

SEATHREERRAAS & 26, 530 24)

4 HREERIRZS L

Fig. 4 Circuit breaker state curve

RIS

5 HREESFRTSHITRE

Fig. 5 Circuit breaker state report



- 160 -

@ HERIEF DR

SV-CBMS &1 LLTERE M FE B & g 4T,
B TAE N G ATt B b 1 A i 2R S . W 6
A7 FoR, Rl SRS 2k . Wi 2R
G R FHL L4750

6 FHLBITHIIR RS HIZ
Fig. 6 Circuit breaker state curve operates on a mobile phone

B 7 FHBITHRE RS Gtk

Fig. 7 Circuit breaker state report operates on a mobile phone

5 &g

AHEH TET SOA KIEIFAA = Kbk #s
ARASSEI AT AL I R 48, 45 SOA R 5 =i B
ARHEE, a7 SOA RS Z¥ 5B
WA= ERe A SR . TR IR
PURTRRAR (R 2K 1) Y P A N G SIS S RE, - Sy oL A
TTAEN G R] SE b 45 H I SR 2 1 5T 0 AR
. PHRARGHE O T LR RS, 81T
SEREY], ZRGHEA RIFHIN TR
S HEk
(1] 23, £H%, TAER, & AeeRRuigabRe

W 1ED WAt WA RS HBh, 2012, 36(22):

95-99.

HUANG Xinbo, WANG Xiaokuan, FANG Shouxian, et al.

Design on status monitoring IED of circuit breaker for

smart substation[J]. Automation of Electric Power Systems,

2012, 36(22): 95-99
(2] Z/KiN, ZHiMS, 45, 55, Wik as e ml s i R el

W & gk i[9, B E s kB4, 2017, 37(10):

211-217.

LI Yongli, LI Ruipeng, LU Yang, et al. Intelligent

monitoring system design for circuit breaker operating
circuit[J]. Electric Power Automation Equipment, 2017,
37(10): 211-217.

(3] RWwr, JE S, ARAH. B MO b B R
BUIR 5 HEER[I]. HIMEAR, 2013, 37(4): 927-935
SONG Yaqi, ZHOU Guoliang, ZHU Yongli. Present
status and challenges of big data processing in smart
grid[J]. Power System Technology, 2013, 37(4): 927-935.

[4] HU Z, HE T, ZENG Y, et al. Fast image recognition of
transmission tower based on big data[J]. Protection and
Control of Modern Power Systems, 2018, 3(2): 149-158.
DOI: 10.1186/s41601-018-0088-y.

(6] ER3fuk, ¥k, EWZE, S RS R B R 0 I B

TR RS R ). B ARG A B, 2015, 39(2):
92-99.
Bl Yanbing, JIANG Lin, WANG Xinjun, et al. Design
and investigation on service-oriented architecture-based
smart grid dispatching and control system[J]. Automation
of Electric Power Systems, 2015, 39(2): 92-99.

[6] MA J, CHEN X, TAN Y, et al. Research on online
temperature monitoring system based on SAW for
intelligent circuit breaker[C] // 2017 4th International
Conference on Information Science and Control Engineering
(ICISCE), July 21-23, 2017, Changsha, China: 1168-1170.

[7]1 YIN K, GE L, JIN Y. Application of key performance
indicator in circuit breaker online monitoring[C] // 2016
IEEE Innovative Smart Grid Technologies - Asia
(ISGT-Asia), November 28-December 1, 2016,
Melbourne, VIC, Australia: 844-849.

[8] FEIZIFAR B, USTA O. Condition monitoring of circuit
breakers: current status and future trends[C] // 2017 IEEE
International Conference on Environment and Electrical
Engineering and 2017 IEEE Industrial and Commercial
Power Systems Europe (EEEIC / 1&CPS Europe), June
6-9, 2017, Milan, Italy: 1-5.

[9] XIEY, JIANGY, LIAO R, et al. User privacy protection
for cloud computing based smart grid[C] // 2015 IEEE/CIC
International Conference on Communications in China -
Workshops (CIC/ICCC), November 2-4, 2015, Shenzhen,
China: 7-11.

[10] YANG D, WEI H, ZHU Y, et al. Virtual private cloud
based power dispatching automation system - architecture
and application[J]. IEEE Transactions on Industrial
Informatics, 2019, 15(3): 1756-1766.

[11] MA F, LUO X, LITVINOV E. Cloud computing for
power system simulations at 1SO New England -
experiences and challenges[J]. IEEE Transactions on
Smart Grid, 2016, 7(6): 2596-2603.



FET SOA 5 B IAA 2 1) W% IR A5 P AL I 32 ¢

- 161 -

[12] YANG D, WEI H, WEI H. Architecture design of power
system fault calculation based on cloud computing
technology[C] // 2017 IEEE Conference on Energy
Internet and Energy System Integration (EI2), November
26-28, 2017, Beijing, China: 1-5.

[13] ZHANG H, ZUO J, YAN B, et al. Study on the SOA
construction methods in power system based on service
proxy mode[C] // 2016 IEEE Advanced Information
Management, Communicates, Electronic and Automation
Control Conference (IMCEC), October 3-5, 2016, Xi'an,
China: 620-623.

[14] LAMB C C, HEILEMAN G L. Overlay architectures
enabling cloud computing for multi - level security
environments[C] // 2012 IEEE Eighth World Congress on
Services, Honolulu, HI, USA: 116-124.

[156] ZHAO Z, HONG F, LI R. SDN based VxLAN
optimization in cloud computing networks[J]. IEEE
Access, 2017, 5: 23312-23319.

[16] TAN W, FAN Y, GHONEIM A, et al. From the
service-oriented architecture to the web API economy[J].
IEEE Internet Computing, 2016, 20(4): 64-68.

[17] WANG C, LI X, CHEN VY, et al. Service-oriented
architecture on FPGA-based MPSoC[J]. IEEE Transactions
on Parallel and Distributed Systems, 2017, 20(10):
2993-3006.

(18] H& 7y, Ftk, Futih, . SRS HIHE B R

Gy A SNSRI HEE PR O RGO S ], 2018,
46(21): 138-144.
FENG Xianli, WEI Hua, WEI Hongbo, et al. Distributed
real-time database for dispatching automation system
with micro-services[J]. Power System Protection and
Control, 2018, 46(21): 138-144.

[19] IBRAHIM N M, HASSAN M F. Agent-based message
oriented middleware (MOM) for cross-platform
communication in SOA systems[C] // 2012 International
Conference on Computer & Information Science (ICCIS),
June 12-14, 2012, Kuala Lumpeu, Malaysia: 547-552.

[20] IBRAHIM N M, HASSAN M F, BALFAGIH Z.
Agent-based MOM for interoperability cross-platform
communication of SOA systems[C] // 2011 International
Symposium on Humanities, Science and Engineering
Research, June 6-7, 2011, Kuala Lumpur, Malaysia:
40-45.

[21] Z=p, D, 20, & WIESHE TEL T E ST
RS RS W RGERY 580, 2019,
47(8): 159-164.

LI Jing, LUO Yadi, GUO lJian, et al. Online calculation
software service and its application analysis under
dispatching cloud[J]. Power System Protection and
Control, 2019, 47(8): 159-164.

[22] ZEAHm, AiEY), HBigHE, & JET SOA K4k Ry

BETHSIREERFWITRAMADN]. BHRS
T4 545, 2014, 42(24): 103-109.
LI Benyu, SHI Hengchu, ZHAI Haiyan, et al.
Development and application of relay protection setting
and coordination calculation processing management
system based on the SOA[J]. Power System Protection
and Control, 2014, 42(24): 103-109.

[23] DUSTDAR S, GUO Y, HAN R, et al. Programming
directives for elastic computing[J]. |EEE Internet
Computing, 2012, 16(6): 72-77.

[24] JAIN N. The future of database services: cloud database[C] //
2017 International Conference on Algorithms, Methodology,
Models and Applications in Emerging Technologies
(ICAMMAET), February 16-18, 2017, Chennai, India:
1-5.

[25] T =FREEN M e R B S BRBT 5T D).

JRAR: LT RHEOR A, 2017.
DING Min. Research on key technologies of high
performance database cluster in cloud environment[D].
Chengdu: University of Electronic Science and Technology
of China, 2017.

[26] #L—. ET=HEMER VPN RE R S5SEIM[D]. K
e KEFE TR, 2012.

PEI Zhongyi. Design and implementation of cloud
middleware based VPN system[D]. Dalian: Dalian
University of Technology, 2012.

ks HHEA: 2019-11-03;
EEE N

YBAERAR (1996—), B, MEAARAL, R F 6 AHINRRK
WAL AR AR A) Z 5T 69 M ; E-mail: lianchunjie96@
163.com

F 1954—), F, @4, B, IR, AR
B A ARRAACE SR LB ) R TR, FRAE Y
. REHR. RS AT, whEFES50H T
A% E-mail: weihuagxu@163.com

BXH(1996—), F, MEARAL, ARFEAHIARR
HACIL R I, F) B 695 8 . E-mail: shengchaoll7@
163.com

{&[EIHER: 2020-01-08

(%hig B &)



