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Fig.1 Flow chart of visualization method for
electrical distance based on t-SNE

3 EHISh

3.1 IEEE-118 &

K H TEEE-118 5 g bRl ik R g kA 751k
Bk Z ARG E A 118 A7 5, 191 JR A8 i 2k S s AN
9 KRR S . IR RGAL T 2R, Bk
ALE L1755 R O 245 30 49 0 1A) e AR B I, I
9 A 23 5 24 [l SRS R 0.046 15/ TR Y
SEIA(E 0.217, B AH B[R L SRR B 40l s Z e 4
t-SNE Sk AT R e, vl 15 20 [& 2 Fr s 9 AT A4k
SRS N E 23 5 24 HELL T HEZ N, BT AL e R
BEHEAREE MG #F—22 R K HHE (K-
means ) I, A1 T AR FHE, K 1T
7NN 2 BRI T S RE, AT ILERRAS R
AT SR R AR — 20 . I X Sl A Y b
AR AL BR, A LR B & S & 1 R G
IEEE-118 Z&%:f) K-means /32K 5L

2T 23 T A 24 Z (]9 S T,
HR AR, JB T 88 23 5 24 Z MBS E N
0.511, KT H A B 5 PR 1 -3 0.241, A%
B ATal A A E 3 AT AR S R, T R 23 5 24

0.8

0.6

0.4

0.2

0.2 0.4

2 JRIR IEEE-118 RE A MU LER
Fig.2 Visualization result of original IEEE-118

%=1 JF#8 |IEEE-118 &4tH) K-means 5y FEE R

Tab. 1 Classification result of
original IEEE-118 using K-means
A5 & B R G BR R

1 1—14,16,117 16

2 15,17—33,113—115 21

3 34—43 10

4 44—64,66,67 23

5 65,68—81,98,116,118 18

6 82—97,101,102 18

7 99,100,103—112 12

A3 AE A I B Bz A 21 €8 HE P, 5 EL IR 2 T AL,
S 2324 FEATHE, T A ] AR B AR, T
Ji W55 B 22 3k 22 2% S 6 s I B, PR AR B AR
5, P A TR 2 AR S b R T X — A fk. B
AT K-means 4328 0] WL, 945 15 23 i1 24 43550 4% 14
AT A Ak, 32 23—24 Wit Je , L
PR B AR (E N 0.217 482y 0.241, ] R 40 Gk
R RREA T T, 32 WrIT 23—24 %S
i) K-means 7325255

1.0
o%_,
0.6
0.4

0.2

0

B3 Wi 23—24 Zigf5 IEEE-118 RE AL R
Fig.3 Visualization result of IEEE-118 with
the outage of line 23—24

3.2 WEEMNES
D S HE I 2 W) 3 7R A 50 o S, 36
WEAT A R, 24 H e db—4E b F B M 32



SRT SF AT SNE B R G U nT A ik g 81

F< 2 WiFF 23—24 ZERFH) K-means 53K R
Tab. 2 Classification result of IEEE-118 with
the outage of line 23—24 using K-means

H5 S & B G S BELR K
1 1—14,16,117 16
2 15,17—23,25—33,113—115 20
3 34—43 10
4 44—64 66,67 23
5 24,65,68—81,98,116,118 19
6 82—97,101,102 18
7 99,100,103—112 12

FPIRAS, R I 7 4 Bt o 5 [l 9 B9 A B AR
Herb T 220 KV LB A L R B g (B HIAE 2R
PP A E SRR EEE) o 4 JER T PIAERLK
HETA )k ) R R S B R AR R, W
FEAE o R RFAE , 48 A 3l ) ) o SO R N T
A ] JE R VPG K | 18 R A A A S5 i
JZR U FE R T s RO e 2, LU B, o s
TR T A AR R T AR L d e AR R S
A R RFIE AR — 20, B0k T ASRIE A S

1.0

0.8

0.6

0.4

0.2

4 FEHMERNTRLER

Fig.4 Visualization of north China and
central China power grid

ARLBIRAE e LIRS T B mRCR B
TRESHEZ AN 5C 7 40 B AN 56 3% , 491 0 1L AR v 1Y)
ANTEAL TP AL I B G sl o R SRR AE T IR
Y= (B A AR y, W2 BELRI A T B, AR R AR
PR 2 1L (R R AR BT e B 2 2 T W)
WAL R RO R o AT 45 5 38 100 AR i o IX I A%
R BN BIAG A R A T i, AU S 47 O ROCR

4 Z5iE

SCpde T —FPJE T -SNE BT R G
SRR AL DT IR I S PR R T 5
AR AT5 kAT LA L RE LR B Dy B Y
AL IEE , [R] It l L LA S IS 1, 8 e 2 Y
WL e AT R 20 M B diE | SRR TR B [T 2 B
HAURST o

S Xk
(U] XURE. 45 v B 52 B e 0 [ ML b st o [ v g i bt
#1:,2013.
LIU Zhenya. Ultra-high voltage AC & DC grid[ M ]. Beijing:
China Electric Power Press, 2013.
[2] o, JAZEA5. W J1 R GEAR L Sl 45 22 4 il 5 B HoR
[M]. dbst. g i it , 2015,
YAN Jianfeng, ZHOU Xiaoxin. Power system online dynamic
security monitoring and early-warning technology[ M . Beijing:
China Electric Power Press, 2015.
(31 W, E3%, I 97,455 KWMZaibr 0 i
AGMEALT]. BIMEIA, 2012, 36(7) : 1-11.
TANG Yong, WANG Yingtao, TIAN Fang, et al. Research and
development of stability analysis, early-warning and control sys-
tem for huge power grids[ J]. Power System Technology, 2012,
36(7):1-11.
MBI, M, BB AR ) R R R E b
WA LT]. BREA, 2015, 39(10) .2875-2881.
SUN Shuming, XIE Chang, LYU Ying, et al. Power system on-

—
N
[

line security and stability analysis application modes[ J]. Power
System Technology, 2015, 39(10) :2875-2881.
[5] e, A0, W 3% W RRAEL IS KA
A& RS T]. T ERAL TR, 2008, 28(34) :87-93.
YAN Jianfeng, YU Zhihong, TIAN Fang, et al. Dynamic secur-
ity assessment & early warning aystem of power system[ J]. Pro-
ceedings of the CSEE, 2008, 28(34) .87-93.
FRIL, TN, LR, . TR AR £k Bh A e PEA
RG LA T]. B TREOR, 2017, 36(2) - 1-6.
WANG Dajiang, JIANG Yefeng, QIU Chenguang, et al. Re-

[6

iy}

search on the on-line dynamic security assessment system and
application of Jiangsu power grid [ J ]. Electric Power
Engineering Technology, 2017, 36(2) :1-6.

ZIEIR, RIS, W 6, T — R AR AR E AR
GEuat L TARN A LT] B TR AR, 2017, 36(2):42
-48.

HU Haoran, SHEN Fengjie, TANG Wei,et al. Design and ap-

[7

[}

plication of new security and stability control management
system[ J]. Electric Power Engineering Technology, 2017, 36
(2).42-48.

[8] Z=RH, B&AE, £heT, 5. WM {E A B LR T 5T
[J]. B ARG 580, 2009, 37(23) :156-158.

LI Dayong, MA Dongxue, Wang Xiaoning, et al. Application of
network information visualization| J ]. Power System Protection
and Control, 2009, 37(23) :156-158.

(9] 3k 3%, #H@ul, Lide. FETRHEI AT EOR Y R M)
FRERGENM A [T]. LRGN, 2010, 19(4) 123
-126.
ZHANG Jing, JIANG Yuyong, WANG Hualong. Application of
power grid dispatching system based on visualization in scientific
computing[ J]. Computer Systems & Applications, 2010, 19
(4):123-126.

[10] YL, AR, b U, 55 WD RGEATILLEORBT 7T I



82 @ H) LR

REALT]. AR, 2009(17) :31-36.

SHEN Guohui, SHE Dongxiang, SUN Pai, et al. Research
and application of power system visualization technology [ J].
Power System Technology, 2009(17) :31-36.

[11] PR, x1ad, oo, 5. Fim R s i 3 R EEK
FEEORTT]. BREA, 2009(20) :33-37.

SHEN Guohui, LIU Jinbo, CHEN Guang, et al. Key technol-
ogies for UHV dispatching operation support system[ J]. Power
System Technology, 2009(20) :33-37.

(12] SRR, 50, ko548, Fe i R A ik R4

HRUR SR AL R [ ] s R 8E A 3, 2009, 33
(23):94-97.
SHEN Guohui, LI Lixin, DI Fangchun, et al. Data integration
and visualization display for UHV power dispatching automa-
tion system [ J ]. Automations of Electric Power Systems,
2009, 33(23) :94-97.

[13] M, MR g, B 3,5, 56T SVC HoRpl I RE0R]
ML GRS THEFEIT L [T]. BT RS AL, 2012,
36(16) :76-81.
LAI Xiaowen, CHEN Qixin, XIA Qing, et al. Development of
power system visualization platform and methods library based
on SVG technology [ J]. Automations of Electric Power Syst-
ems, 2012, 36(16) .76-81.

[14] Dfats, sBa0h, &—K, 45 R R A L RGEHT

PR SR S T]. M ) RS A Bk, 2010, 34(9) .7
-11.

MA Taotao, GUO Chuangxin, CAO Yijia, et al. Current status
and development trend of intelligent dispatching automation
system of power system [ J]. Automations of Electric Power
Systems, 2010, 34(9) .7-11.

[15] LAURENS V D M, HINTON G. Visualizing data using t-SNE
[J]. Journal of Machine Learning Research, 2008, 9(2605) .
2579-2605.

[16] HINTON G, ROWEIS S. Stochastic neighbor embedding[ J].
Advances in Neural Information Processing Systems, 2002, 41
(4) :833-840.

[17] TANG Jian, LIU Jingzhou, ZHANG Ming, et al. Visualizing
large-scale and high-dimensional data[ C] // Proceedings of
the 25th International Conference on World Wide Web, 2016.
287-297.

YEH R

ARG (1980—) , 55, Wt 4, ey R AR Ui,
W HL 7 R G 7E 4R 5 A R E 4 BT L AF (E-
mail ; sdy@ epri.sgee.com.cn)

WIS (1990—) , 55, At Lo, ARG,
TR AR T AR

4 WI(1984—) B ARE, TR, N
LB AR AR

Study on Visualization Method of Electrical Distance in Power System Using t-SNE
SHI Dongyu', HU Wenqiang', LI Gang', YAN Jianfeng', ZANG Dechun’
(1. China Electric Power Research Institute, Beijing 100192, China;

2. Southeast University School of Electrical Engineering, Nanjing 211189, China)
Abstract: The AC / DC hybrid power grid has already been built in China, which uses Ultra-High Voltage (UHV) grid as its

backbone. Operation modes of power grid become more complex and diverse. The requirement for online analysis and

visualization of dispatching operation will be much higher. From the view of electrical distance, this paper proposes a new

method to represent the closeness degree of power equipment, which maps the high-dimensional and complicated relations of

electrical distances into 2D images by using t-SNE ( t-distribution stochastic neighbor embedding) algorithm, and gives

dispatcher more intuitive impressions. The validation is verified by taking the actual data of power grid as an example,

indicating the method can represent the variety of grid rapidly and meet online application.
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