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Fig. 1 Framework of period-by-period
probability forecasting
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&L 2 BT D, AR SR 43 A A5 I I 5 vk R 8 4R
Dl T 0 28k O e ) AR Ak SR Sl L (oo A
SR A3 55 KA B B 3 3 o DX 1R AT o8 4 A R sk
LT 7 1 S B 3R I B AR AR i 2

FEAR K 4 AN BEA: 07 5 0 i e ik AT £
BRI A R I, X8 A 2 H
00:00—01:00 PN 4 > B B 28 3t & 156 5 HE 56 %% BE Tl
I g 1) 308 3 B K AR SR AL T AR 2 4 S B B AR Y
KA 4 0 PRI A5 ROHAR R B0 B an =X (12)
B E=5.81~6,

1.00 0.85 0.76 0.66
0.85 1.00 0.83 0.71
p.= 12)
0.76 0.83 1.00 0.82
0.66 0.71 0.82 1.00

P X C12) AT UL 3260 B Sy 6 kO S S B 4 A1)
BB U A EK A M R 9 B 0 A R RO TT B E — B L R
Br.y (1

FHESR L s ARt 25 B IGE A E 1E

f‘<r1 sV o 973 97',1) -

I p. ﬁr(%ﬂ) .

(1—0—zr p.r

)*(%*2)
F(%) (km)?

a3

K er="0raryorgor, DOIESE 4 A BLEGR L.
ARIKIATE T 8 H 2 HARK/NRIN 4 A0
B i O BR 5 BE R B R R . I 3 A KA R B
B MR %R R KR AT 2 0T Bl BLZ B Bl AR
(1 000 YOG EN BB = G 5 7 I Bt R il
o3 a5 T DRSS A R A% P S T 22 L Il T 4
SRS L 23 07 A5 ] A SR B 25 11 T 0 A
1 G357 s 00 45 2R, 2% 4 52 07 22 11 U0 AR 30 T80 4 1
T 100 B X AR B Hh 2. n] ULy s dE i A 2%
den e e R PR R AR, B R
2R S 5E TR I BUBE R FUIN A9 0 37 451 237
A DCTRVEE 100 06 A5 XA . 1d B A 307 35 AT 46 /)
L B 2l DX TA] B B 45 2R, B AT O B ALY

SEPRAE A
3500
L 1507 100%
3000F hviAR
- BEAFX

<2500
2 2000f
= lsoof RS )
1000} Oﬁ\&/ﬁ
00— g 12 16 20 24

B3 ZEE5ZFHEHETNER
Fig. 3 Scene set and period-by-period
probability forecasting results

XT3 i s AR AT SR AR BN [R] 4 67 A Y
Ao A4 5 S bR i th 2 e 48 STR {E
FXF e 4 Bron, AT UL, g s E SIS B
0 Z3 7 1 3o m ith 2 B3 o 04 DX [B] BB 65 56 42 0 1%
LRI S bR U = AR ki 2, BB STR IR K
P

) H B8 5 43 5L Cenergy scores ES) 5 #5%%) XF iF
F& 1 2R B 2 I BEEK S AR R % B T 45 SRk AT
FEPPAL . A 3 850HE A R ik X X (1) s, fE &
A3 EUE /N S B0 iR A5 B 09 3 5 4R R A S5 PR 4k
Bt f A S

IOt I v
Igs :V; HP -8, Hz _WRZDMZ Hsuv -5, Hz
14

http://www. aeps-info. com 105



2019, 43(17)

APV AGENEGP LR S, 5
S, I3 R iy T 2 SRR AR 2 2w A R

v MY F A

3000
2500f
< 20007
i)
BS
& 1500}
1000}
500 n n n n n a
1 4 8 12 16 20 24
t/h
----- Y B V0 s === e AR 0.5 0V sk 5 === S B0 1430 A5
YL 0 a5 STR; —— SRkt

4 STIR.EFRHFTREURFEE
RS = R E Xt L
Fig. 4 Comparison of STR, actual thermal rating and
the thermal rating at different quantiles of scene set

8 I B R A TN 5 22 I BB 5 MR R 8 B T E
O BUE T S A R L& 5 TR .

0‘21 4 8 12 16 20 24
t/h
— SPRLA RN S B A B
— KPR A B

Bs5 ZREBERNESHERKAMEREE
U g 2 4 BE XY L
Fig.5 Comparison of energy score values between
period-by-period probability forecasting and
multi-period joint probability density forecasting

H S AT UL, F 3R i 22 B B A AR 8 T
I &85 SR AR Fir 7537 5 48 10 B B 0 B0(A 5k /N T AR 4
2 B B MR 23 951 ) 45 SR i B T 45 31 b 5 4 9 g i 43 4K
{8, — 20 150 B 22 i B 28 0 1 K 5 AR 6 % R T 4%
SR 2 3 U Y SRR U B O IR T 2 B B R
 ME %8 R I A A Pk

E— 25 R AR 7 30 % 2 A4S 2R P 4 4R
4 AN H (G50 2018 4F 4 H 15 H 2018 4E 7 A
15 H.,2018 /10 H 15 H M 2018 51 H 15 HHO W
) 28 I e AT TN, AR B 0 5 SR A Y 3 S AR R
T BTN A 0 437 s 1 43467 4 SR X e A B SR
CHIC1. W C2 Frn., #5847 N DLk ¥ 5 IR <7 1Y
0 i sS A A 0 25 S o W) A SC T 3k 0 445 B
¥rE T CLUE C2 iz i BEAE R 100 45 31 0 2 1ir

106

25 7% TS STR & 455 127, 8% s £38
TN EBEENARST Y 0.1 437 5,0, 3 2067 45, )
A SO T 4 O 38 T8 I B MR R 2
0.1 45 11.5%,0. 3 4347 8 9. 3% . A WL, A 3¢
D5 ¥E ] s AT N DR A O 1 AR B i 28 9 28 1
Mt LR E D ER IS HE R

5 H%5iE

AICHET Copula BIEHR T 20 28 T LB &
(4 22 I B MK 5 HE S5 4 B 0 7 vk . R TR A 2
B AR 37 vk n] T A 1) O B P 200 B A 2 I
BMR 5 M3 8 oA, 2 1 AR AT 8 B AR R
S o3 AT e WY 7R SO 1 R L I B M AR T E 8
G M S R O R £ U A A A S PR R A /D
B R T X ], O iz 4T N BRI fR ST i
L B R 2 AT A TN 45 R AR A B O R B 2 5 (R
Boo ARTCF B SRR E S OGS R) Ab 4 30 1t 7
00 1) L% T AF 5 A e A b v o 1k — 2D A 5 R
42 2 4% i v 2 DA i ) S B R R X O B e
PR RIS D e 22 5C B 2 14 T 1) i b 2 0% 480 0 2k 1Y)
THC [R50 JRE T TR A S o LS00 A 8 R 47 9 e 4 B
AT BE 7 A B Oy o EL A AR A

M s WA R B % IR Chttp://www. aeps-info.

com/aeps/ch/index. aspx) .

2 & X Bk

[1] DAVIS M W. A new thermal rating approach: the real-time
thermal rating system for strategic overhead conductor
transmission lines: Part [  general description and justification
of the real-time thermal rating system[]]. IEEE Transactions
on Power Apparatus and Systems, 1978, PAS-96(3): 803-809.

[2] GREENWOOD D M, INGRAM G L, TAYLOR P C. Applying
wind simulations for planning and operation of real-time thermal
ratings[ J]. IEEE Transactions on Smart Grid, 2017, 8(2):
537-547.

[3] KARIMIA S, MUSILEKB P, KNIGHTA A M. Dynamic
thermal rating of transmission lines: a review[]]. Renewable
and Sustainable Energy Reviews, 2018, 91: 600-612.

[4] PARKA H, JINC Y G, PARKD J K. Stochastic security-
constrained unit commitment with wind power generation based
on dynamic line rating [ J]. Electrical Power and Energy
Systems, 2018, 102. 211-222.

[5] WANG Cheng, GAO Rui, QIU Feng, et al. Risk-based
distributionally robust optimal power with dynamic line rating
[J]. IEEE Transactions on Power Systems, 2018, 33 (6):
6074-6086.

L6 EFLAR . B nge, B 43 1) L1 25 I 246 (3 i Pl 2R % 2 S A e 4%
T, R AR ,2013,37(6) :1719-1725.



WANG Kongsen, SHENG Gehao. Online prediction of
transmission dynamic line rating based on radial basis function
neural network[ ]J]. Power System Technology, 2013, 37(6):
1719-1725.

C7]ARM AR, VLT3 B i, S5 f L 2R B 0 0/ i 326 25 5t 1) TR Do 39000
0. b LA 4 4, 2009, 29(25) £ 86-91.

REN Lijia, JIANG Xiuchen, SHENG Gehao, et al. Prediction
of transmission line rating based on chaotic time series analysis
[J]. Proceedings of the CSEE, 2009, 29(25); 86-91.

[8] ABBOUDA A W, FENTONB K R F, LEHMERA ] P, et al.
Coupling computational fluid dynamics with the high resolution
rapid refresh model for forecasting dynamic line ratings[ ] ].
Electric Power Systems Research, 2019, 170(7) . 326-337.

[9] FAN F, BELL K, INFIELD D. Probabilistic real-time thermal
rating forecasting for overhead lines by conditionally
heteroscedastic auto-regressive models[ ]J]. IEEE Transactions
on Power Delivery, 2017, 32(4): 1881-1890.

[10] FAN F, BELL K, INFIELD D. Transient-state real-time
thermal rating forecasting for overhead lines by an enhanced
analytical method [ J]. Electric Power Systems Research,
2019, 167. 213-221.

[11] ZHAN J, CHUNG C Y, DEMETER E. Time series modelling
for dynamic thermal rating of overhead lines [ J]. IEEE
Transactions on Power Systems, 2017, 32(3): 2172-2182.

[12] JOSE L A, SIEBERT N. Dynamic line rating using numerical
weather predictions and machine learning: a case study[]].
IEEE Transactions on Power Delivery, 2017, 32(1): 335-343.

[13] IEEE standard for
relationship of bare overhead conductors: IEEE Standard 738—
2006[ S]. 2006.

[14] 110 kV~750 kV 5= i i £k g % 31 BL3E . GB 50545—2010
[S]. b st v B e g i p At . 2010,

Code for design of 110 kV ~ 750 kV overhead transmission
line: GB 50545—2010 [ S]. Beijing: China Electric Power
Press, 2010.

(150 248 whaz il i W1, 45 k7 20057 [0 ) A XL R, 2 2538 3l IX ]
St I R A S, 2011.35(3) :83-87.

LI Zhi, HAN Xueshan, YANG Ming, et al. Wind power

calculating the current-temperature

fluctuation interval analysis based on quantile regression[ ] ].
Automation of Electric Power Systems, 2011, 35(3): 83-87.

L167 Al i, 277, XK AT 4. g 400 XU A 2 38 2 25 o= A58 20 O fy s 1t T
WrkLI] W Jr &8 A 84k, 2019, 43 (3):17-23. DOL: 10.
7500/ AEPS20180213009.
YAN Jie, LI Ning, LIU Yonggian. et al. Short-term
uncertainty forecasting method for wind power based on real-
time switching cloud model[ J]. Automation of Electric Power
Systems, 2019, 43(3). 17-23. DOI. 10. 7500/AEPS
20180213009.

[17] GAN Dahua, WANG Yi, YANG Shuo, et al. Embedding
based quantile regression neural network for probabilistic load
forecasting[ J]. Journal of Modern Power Systems and Clean

Energy, 2018, 6(2): 244-254.

FHESR L s ARt 25 B IGE A E 1E

[18] sk EFHW 8P R4 £T Copula Bt 5 JE R AH S Y

TR R I [T, s R SR A Bk, 2017, 41 (9) : 102-108.
DOI:10. 7500/ AEPS20160717006.
ZHANG Yue, WANG Xiuli, ZENG Pingliang, et al. Copula
theory based generation and transmission co-planning
considering wind power correlation [J]. Automation of Electric
Power Systems, 2017, 41(9): 102-108. DOI: 10. 7500/ AEPS
20160717006.

L1970 BAFH  FeAObk. kT8 A5 45 202 B AR 1 )X ) R 0008 v O 77 0

[J1. B 1 & 48 A 3 4k, 2018, 42 (15) ; 18-23. DOI: 10. 7500/
AEPS20171109001.
HU Yang, QIAO Yilin. Wind power data cleaning method
based on confidence equivalent boundary model [ ] ].
Automation of Electric Power Systems, 2018, 42(15) . 18-23.
DOI: 10. 7500/ AEPS20171109001.

[20] eWesl, 42 1. % BOLAK T A0 G M (9 BE AL i 77 ik L) ]. &

& % B 8k, 2018, 42 (5): 34-40. DOI: 10. 7500/ AEPS
20170614013.
ZHU Xiaorong, JIN Huimin. Probabilistic load flow method
considering correlation of photovoltaic power[]J]. Automation
of Electric Power Systems, 2018, 42(5). 34-40. DOI. 10.
7500/ AEPS20170614013.

[21] #&9E, ™ 1E . B4 §3 Dk , % 3L T Copula FRE (1 XU H 377 8] KU 1 i

Dy AARR S M BT, W) R S8 A B4k, 2013, 37 (17) 2 9-
16.
CAI Fei, YAN Zheng, ZHAO Jingbo, et al. Dependence
structure models for wind speed and wind power among
different wind farms based on Copula theory[J]. Automation
of Electric Power Systems, 2013, 37(17) . 9-16.

[227] B/INEE L XUWK A2 52 8. Copula b8 5 25 508 K (B8R Ak 31 B0 1 I
[J]. & ¥F $%,2008,25(2) :210-215.

QIU Xiaoxia, LIU Ci, HUA Wujuan. The properties of
maximum likelihood estimation of parameter on Copula[]].
Mathematics in Economics, 2008, 25(2): 210-215.

(23] AR AW, 2, 5. 2 X el 37 S 300 o ) 8 9 Bk 5
LI I RS A K. 2014, 38(19) :8-15.

ZHU Simeng, YANG Ming, HAN Xueshan, et al. Joint
probability density forecast of short-term multiple wind farms
output power [ ] ]. Automation of Electric Power Systems,

2014, 38(19): 8-15.

AE%992 ). B MAEAR A, TEZHMAFT @ . d
ERASHWEBRBRALEL I ZABA o ST o
EEHEE(1983—) . B @5 H L, 3w, M A F
W ERRRFTE .0 HZRAEH»H 546 . E-mail: wangmx
@ sdu. edu. cn
# 980, B WL, HAE A SR, 228
R w0 RESHEIEH,
(REE XHD

http://www. aeps-info. com 107



2019, 43(17) c FRTPR -

Multi-period Joint Probability Density Forecasting for Thermal Rating of Overhead Line

FU Shanqiang'?®, WANG Mengxia', YANG Ming', HAN Xueshan', CHEN Fang®, LI Wenbo'
(1. Key Laboratory of Power System Intelligent Dispatch and Control, Ministry of
Education (Shandong University), Jinan 250061, China;
2. Jining Power Supply Company, State Grid Shandong Electric Power Company, Jining 272100, China;
3. School of Electrical Engineering, Jinan University, Jinan 250022, China;
4. Electric Power Research Institute of State Grid Shandong Electric Power Company, Jinan 250003, China)

Abstract: Influenced by the micrometeorological conditions around the overhead line, the thermal ratings of overhead line have
strong volatility and are difficult to predict accurately. It is of significance for system operators to grasp the fluctuation range
and distribution characteristics of the thermal rating of critical spans along the overhead line, thus guiding the operators to
exploit the transfer capability of overhead lines. Based on the historical micrometeorological data of critical spans and the
variation characteristics analysis of thermal rating, the quantile regression method is employed to forecast the period-by-period
probability of thermal rating. Then the t-Copula function is used to evaluate the correlation characteristics of the probability
distributions of multi-period thermal ratings. A dynamic dependence model for multi-period thermal rating is established to
realize the joint probability density forecasting for multi-period thermal rating. Meanwhile, the more accurate fluctuation
interval and distribution information of thermal rating are obtained. The case studies show that the proposed method can
improve the period-by-period probability forecasting results by using the correlation of thermal rating between periods, and
effectively reduce the distribution interval of thermal rating forecasting results.
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