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Ultra—short Term Power Generation Prediction of Wind Farm Based

on Partial Least Squares and Improved Time Convolutional Network

ZHENG Guangyu!, XIN Zheng!", CHI Weiran!, CHEN Lizheng', WANG Shibo?
(1.School of Information and Electrical Engineering, Shandong Jianzhu University , Jinan 250101, China;
2.State Grid Shandong Electric Power Research Institute , Jinan 250003, China)

Abstract: To enhance the accuracy of ultra—short—term wind power prediction, a method combines the partial least squares
(PLS) technique with an improved temporal convolutional network (ITCN) is proposed. First, PLS is employed to extract
meteorological features that are closely related to wind power.Next, a spatial convolution layer is integrated into the temporal
convolutional network (TCN)to improve its ability to extract both temporal and spatial features.To prevent local optimization , the
slime mold algorithm is utilized for hyperparameter optimization. Experimental results from actual datasets in eastern and western
China demonstrate that the proposed method effectively captures input variables and spatiotemporal characteristics of wind
power, improving prediction accuracy by 12.61%, 4.45%, 3.65%, and 2.18% compared to common methods (CNN, LSTM,
BiLSTM, and TCN ).This method offers a novel approach to enhancing the efficiency and stability of wind farm operations.

Keywords:wind power prediction ; partial least square method ; improved time convolutional network ; spatial convolution layer ;

slime mold algorithm optimization
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Table 1 Sets the parameters of each algorithm
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Table 2 Function test results
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Table 4 Different model evaluation indicators

AR MAE MSE RMSE R? YIRS R]/s li& 8/ €1
CNN 2.768 17.278 4.156 0.833 200 50
LSTM 2.243 10.496 3.240 0.898 300 60

BiLSTM 2.119 9.854 3.139 0.905 320 65
TCN 1.972 8.441 2.905 0.918 250 55
ITCN 1.671 6.415 2.533 0.938 150 40
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Table 5 Different model evaluation indicators
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Photovoltaic Power Prediction Method Based on Combination of

Ground-based and Satellite Cloud Maps
MA Wenwen'->*, HU Siyu', YANG Fan'?,LI Dengxuan', BU Qiangsheng?
(1.China Electric Power Research Institute Co., Ltd., Nanjing 210037, China;
2.National Key Laboratory of Renewable Energy Grid Connection, Beijing 100192, Chinaj;
3.State Grid Jiangsu Electric Power Co., Ltd.Electric Power Research Institute , Nanjing 210000, China)

Abstract: As one of the richest sources of renewable energy , solar energy holds significant development potential , especially
in the current context of China’s energy structure adjustment. Its development and utilization is particularly important.
Photovoltaic (PV) power generation is one of the most widely employed methods for harnessing solar energy. However, the
efficiency and stability of PV power generation are significantly affected by natural factors, such as irradiance levels and
variations in cloud cover, which can lead to diurnal fluctuations in PV power.In order to improve the accuracy of PV power
prediction , this paper proposes a novel PV power prediction method that combines satellite cloud maps and ground—based
cloud maps.The method utilizes a convolutional neural network to extract features from both satellite and ground-based cloud
maps , enabling ultra—short—term predictions of PV power output. By accurately capturing the dynamic changes in cloud cover,
the method can effectively alleviate the pressure on the power grid caused by PV power fluctuations due to natural factors.
Furthermore , it provides robust technical support for the widespread adoption of PV power generation technology and the
intelligent management of the power grid.

Keywords:satellite cloud map ; ground-based maps ; convolutional neural network ; photovoltaic power
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Table 2 Errors of prediction results of different models
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Table 3 Prediction errors of different models based on CNN
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A Method for Optimizing the Allocation of Comprehensive
Benefits of a High Proportion of New Energy Bases Based on

Energy Storage Inertia
LI Honggang!*, LI Yong!, LI Xiaoning!, MU Mingliang'-?
(1.State Grid Binzhou Power Supply Company , Binzhou 256603 , China;
2.China University of Petroleum (East China) , Qingdao 266580, China)

Abstract: With the continuous improvement of the penetration rate of new energy and the access of a large number of power
electronic equipment, the power system gradually shows a trend of decreasing inertia and weakening system strength , which
makes it difficult for equipment such as grid—based fans to maintain grid-connected status in some cases.The energy storage
system has the ability to establish and support voltage , which can effectively solve the problem that new energy is difficult to
integrate into the weak power grid.In this paper, the inertia response characteristics of each part of the wind-solar—storage in
the high—proportion new energy base are analyzed , and on this basis, the inertia of the new energy station is modeled , and the
minimum inertia demand of the new energy base is formed.From the perspective of cost and benefit, an optimal configuration
model of energy storage for the comprehensive benefit improvement of the grid—connected system with a high proportion of new
energy bases, considering the constraints of frequency safety and stability, is established. The particle swarm optimization
configuration model is used to solve the energy storage optimal configuration model , and the kmeans clustering method is used
to construct the typical seasonal scenarios on a daily basis.Finally, a typical scenario system analysis is carried out to verify
the effectiveness of the proposed configuration method.

Keywords:energy storage systems ; inertia support ; comprehensive benefits ; optimization method
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Fig.3 VSG control block diagram
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The Research on Ultra—short—term Prediction of Distributed
Photovoltaic Power Based on Multivariate Time Series Fusion With

TCN-BILSTM Network
GAO Renlong!, LI Feng',MA Tiandong!, WU Ji**
(1.State Grid Ningxia Electric Power Co., Ltd., Yinchuan 750000, China;
2.China Electric Power Research Institute, Nanjing 100192, China)

Abstract: The performance of distributed photovoltaic power generation systems is significantly influenced by climatic
conditions , resulting in output characteristics such as volatility, intermittency, and periodicity. Furthermore , the impact of
various meteorological factors on photovoltaic power generation output differs in magnitude. An ultra—short—term forecasting
method for distributed photovoltaic power based on a hybrid model that integrates multivariate time series and a temporal
convolutional neural network (TCN) with a Bi-directional long short—term memory ( BiLSTM ) network is proposed.Based on
the correlation analysis between distributed PV power and multivariate meteorological factors , a multivariate time series dataset
strongly related to PV power output is constructed. Utilizing the proposed TCN-BiLSTM model, the mapping relationship
between multivariate time series input data and output power is obtained, thereby enabling ultra—short-term forecasting of
distributed photovoltaic power. Additionally, the actual operational dataset is applied to both single-step and multi-step time
series forecasting tasks of the proposed TCN-BiLSTM model , and the prediction results are compared with those of traditional
forecasting models , verifying the proposed model ’ s accuracy and effectiveness.

Keywords:distributed photovoltaic power prediction ; multiple time series ; TCN=BiLSTM ; multi—step forecasting
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Fig.7 PV power prediction for all models under different summer weather conditions and the distribution of absolute

prediction errors
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Table 1 Predictive metrics of PV power for all models in different seasons
4 5 LSTM  BilSTM CNN TCN CNN-LSTM  CNN-BiLSTM  DCNN-LSTM  TCN-LSTM  TCN- BiLSTM
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Table 2 Predictive metrics of PV power for all models in different seasons when the prediction step is 3(15 min)

ZA /b LSTM  BilLSTM CNN TCN ~ CNN-LSTM  CNN-BilLSTM  DCNN-LSTM  TCN-LSTM  TCN-iLSTM
Suwse 04138 03868 04511 0.3937 0.388 1 0.354 5 0.4017 0.3713 0.3217
HR by 02858 02661 03298 02483 0.268 9 0.205 4 0.2712 0.2208 0.162 9
RE 09167 09272 09010 09246 0.9212 0.940 3 09175 0.938 7 0.949 7
Suus: 05498 05093  0.6016 05180 0.5355 0.493 6 0.523 1 0.505 6 0.4375
HEX 8, 03834 03448 04423 03346 03793 03118 03523 0.328 7 0.240 3
R® 08786 08959  0.8547 0.8923 0.878 9 0.900 8 0.8872 0.898 6 0.923 1
Suwse 03277 03538 03866 03401 03195 0.320 6 0.3405 0.3575 0.286 7
KK by 02062 02423 02777 02107 0.193 3 0.1953 02145 0.243 9 0.1597
R* 08995 08829 08601 0.8917 0.903 2 0.9015 0.8912 0.879 8 0.923 1
Suwse 04417 03869 04800  0.3843 0.4154 0.3459 0.368 3 0.458 5 0.3059
KR by 03409 02852 03644 02766 03137 0218 1 02528 0.3525 0.160 0
R® 09129 09332  0.8971 0.9340 0.923 1 0.946 3 0.937 6 0.9158 0.958 2
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Fig.10 Predicted and actual power values under different weather conditions for the next 12 time steps

FESCAR T R BIAS AR 7 A A5 280 J ) {45 K
TSI, Hirh TCN-BIiLSTM B A5 22 450/8 fH i T
= SRS G BRI TR S i LV A AT
SRy R R AR AR B ST A A TR f1%) T 0 5% 2 o
i [ 25 B 388 i T2 G . ik B A A SR H 7 1)
PRSHL AR A XA 1) 14 S TN BE T # T Pk L T
REATRERIFMT

3 T A BB AT 12 A ) 25
LR A IR ZE(H . B R =20 BN AR LE, 25
AR R 12 DI R A TR 5 TR X —
PG AT U AT FoT 00 i (i 5 52 ) S 4, S ST 2%
55 5 Bl 4 2 1) Y i 22 5O . RV e, TCN -
BiLSTM A5 70 75 A [a] 28 1 f) 00 5 22 42 45 7 e {1
K SR HAE 2220 FUINAE 55 A DB RE

*3 WMPTIKA 12(60 min) B, REFT TR EREINRETNIRZE
Table 3 Predictive metrics of PV power for all models in different seasons when the prediction step is 12(60 min)

7 e LSTM BiLSTM CNN TCN CNN-LSTM CNN-BiLSTM  DCNN-LSTM  TCN-LSTM  TCN- BiLSTM

Suse 04484 04491 05007 04965 04497 0422 1 0.465 3 0.4379 0.408 6

HR 8, 03011 02959 03311 03358 03018 0.267 8 03154 02716 02304
R 09022 09019 08780 0.8800 09013 0.907 8 0.8952 0.903 7 0.918 8

Supse 04947 04919 05526 05374 05082 04535 0.490 7 0.497 9 0.425 4

HE 8, 03774 03715 03763 03692 03817 03121 0.368 9 0.395 3 0.264 6
R 08907 08919 08636 08710  0.89 1 0.909 3 0.8927 0.890 2 09192

Supse 04097 04155 04373 04271 04218 04132 04395 04257 03756

R S8y 02716 02758 03042 02844 02853 0.2779 0.302 1 0.2916 0.240'5
R 08430 08385 08211 08294 08634 0.8502 0.8357 0.848 1 0.868 0

S 05827 05867 06121 05981 05952 0.601 7 0.578 5 0.589 1 0.5432

KK Sy 04118 04108 04095 04120 04153 0.408 9 0.399 8 04123 03331
R 08636 08617 08495 08563 08721 0.8573 0.8427 0.8358 0.8815
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Design of Two—stage Trading Mechanism for Active Distribution

Network Integrating Photovoltaic and Storage Clusters
XU Jiahao!, XU Junjun®*', WANG Fujing 3
(1.State Grid Taizhou Power Supply Company , Taizhou 225300, China;2.College of Automation & College of Artificial
Intelligence , Nanjing University of Posts and Telecommunications , Nanjing 210023, China;
3.Huaneng Shandong Power Generation Co., Ltd., Jinan 250014, China)

Abstract: A trading mechanism design for the integration of photovoltaic (PV) and storage clusters in active distribution
network is proposed , aiming to facilitate the large—scale development of distributed PV and centralized grid—connection
scenarios.The design, based on the K-means algorithm , comprehensively takes into account factors such as spatial distribution
concentration and multi-machine output similarity. Additionally , hierarchical cluster analysis of distributed PV combined with
non—parametric ideas is conducted to aggregate distributed PV resources.Based on the results of the distributed PV clustering
analysis, the configuration of the PV—storage clusters is carried out.By analysing the interaction between the power grid and
distributed PV wusers, a distribution network trading mechanism between lower —level users and the upper—level grid is
designed based on a two—stage electricity pricing model.Through the simulation analysis of numerical examples, the enhanced
K-means algorithm is employed for hierarchical clustering analysis of distributed PV , which is then applied to configure PV-
storage clusters. Leveraging the outcomes of this clustering analysis, a trading mechanism based on a two—stage electricity
pricing model is developed to investigate the hierarchical clustering analysis methodology and the operational models of
aggregators in the context of large—scale distributed PV development. The proposed approach is validated to maximize
aggregator revenues , reduce user—side distributed PV opportunity costs and payments, ensure users’ active engagement in
ancillary peak regulation services , and effectively enhance the overall efficiency and stability of the system.

Keywords: distributed photovoltaic ; active distribution network ; cluster partitioning ; trading mechanism
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Non-intrusive Load Monitoring Incremental Learning Method for

New Appliances
YANG Guochao', JIA Minghui!, LI Zimo*", BAI Xinyu', YU Puyao', LIU Yao'
(1.State Grid Tianjin Chengdong Electric Power Supply Company , Tianjin 300250, China;

2.School of Electrical Automation and Information Engineering, Tianjin University , Tianjin 300072, China)

Abstract ; Fully mining the fine—grained energy consumption information of household appliances is helpful for power users to
make wise energy—saving decisions. Non—intrusive load monitoring (NILM) is aimed at identifying the operating state of
individual appliances based on measurements from a smart meter at the user’s power entrance.At present, machine learning—
based methods have shown good experimental results in load identification, but these results are usually based on the
assumption that the type and number of loads are fixed. However, in real users, new load category data will continue to be
generated over time. Therefore, the machine learning model should be able to continuously learn new load data, thereby
enhancing its recognition ability. To solve this problem, a NILM incremental learning method adapted to new electrical
appliances is proposed.The method only needs to store a small amount of prototype data of known electrical appliances and
dynamically update it, which can continuously identify new electrical appliances without forgetting the learned knowledge of
known electrical appliances. The effectiveness and superiority of the proposed model are confirmed by the comparative
experimental results on the open dataset.

Keywords: non-intrusive appliance classification; incremental learning; transient current characteristics; appliance

classification
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PLL Synchronization Stability Control Scheme for Converters Based

on Dynamic Voltage Feedback
WU Naihu ', MIAO Weiwei !, LIU Lu 2*,ZHOU Haiquan !,SUN Lingyan !
(1.State Grid Liaocheng Power Supply Company , Liaocheng 252000, Chinas
2.School of Electrical Engineering , Shandong University, Jinan 250061, China)

Abstract: Grid—following voltage source converter (GFL-VSC) relies on phase-locked loops (PLL) to maintain
synchronization with the grid.It faces the risk of PLL synchronization instability due to reducing the transmission limit during
grid fault ride—through.To tackle this issue, we propose a PLL synchronization stability control scheme for converters that
utilizes dynamic voltage feedback. This scheme significantly enhances the PLL synchronization stability during grid faults.
Firstly , the equivalent swing equation of GFL-VSC based on PLL synchronization is established , and the internal mechanism
of synchronization instability of GFL-VSC during fault ride—through is elucidated by the equal area criterion (EAC) in the
existence of stable equilibrium point (SEP).Secondly, a PLL synchronization stability control scheme based on dynamic
voltage feedback is constructed on this basis.This schemeslows down the acceleration process of PLL and improve the PLL
synchronization stability of the converter based on the q—axis voltage feedback to adaptively adjust the d—axis current reference
value during grid faults.Finally, the effectiveness of the proposed control scheme is verified by simulation and experiment.

Keywords: grid—following voltage source converter; phase—locked loop; fault ride—through; equivalent swing equation;
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Robust Model Predictive Control for Grid—connected Inverters

Based on Disturbance Observer

TENG Fei'", WU Junjun!, JIANG Chen?, HUANG Haoyi',HUANG Kun'!
(1.China Energy Engineering Group Zhejiang Electric Power Design Institute Co., Ltd., Hangzhou 310000, China;
2.State Grid Hangzhou Power Supply Company , Hangzhou 310000, China)

Abstract: The model predictive control technology of grid—connected inverters has been explored and studied by many
scholars in academia and industry because of its advantages such as not being required to design proportional integral
controllers. However, the conventional model predictive control technology of grid—connected inverters is sensitive to variations
in inverter parameters.Once the filter inductance or other parameters are mismatched , the control accuracy of model predictive
control will be significantly reduced.To solve this problem, an improved control strategy of the grid—connected inverter is
proposed in this paper, which uses a disturbance observer to achieve parameter perturbation on—line observation and uses the
observation results to compensate the model predictive control. The mathematical model of the grid—connected inverter is
modified to be expressed as the sum of the known voltage signal and the unknown lumped disturbance first. Then, a
disturbance observer is designed to observe the lumped disturbance , and the observed disturbance is used to compensate the
model predictive control strategy.Finally, a model predictive control method with strong robustness to parameter mismatch is
obtained.The proposed method effectively mitigates the adverse effects of parameter misatches , such as inductance variations ,
on model predictive control, thereby improving the control accuracy of grid—connected inverters. Simulation results obtained
using MATLAB/Simulink verify the superiority of the proposed method.

Keywords:grid—connected inverter ; disturbance observer ; model predictive control ; robust
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Optimal Configuration of DC Blocking Devices for Main Transformers

Considering Stray Currents in Urban Rail

SONG Jingbo!", CHEN Chen!, QI Huanruo',ZHANG Jinfeng', XUE Wenjie!, LIU Tongchui?
(1.State Grid Henan Economic Research Institute , Zhengzhou 450052, China;
2.College of Electrical Engineering, North China University of Water Resources and Electric Power , Zhengzhou 450045, China)

Abstract : In response to the issue of uncertain overshoot of direct current magnetic bias (DCMB ) in the main transformers of
urban power gird, caused by random stray currents during dynamic operations of urban rail , an optimal configuration strategy
of DC blocking devices for main transformers is proposed based on a multi—objective rime (MORIME ) algorithm , which can
effectively mitigate the DCMB phenomenon in the main transformers of urban power gird while minimizing the numbers of DC
blocking devices installed. First, a multi-objective optimization is formulated for the optimal configuration model of the main
transformer DC blocking devices, with the objective function of minimizing the DCMB current in the main transformer and
reducing the number of capacitor—type DC blocking devices , and the constraint condition of limiting the DCMB current in the
main transformer.The MORIME algorithm is then employed to solve this optimization problem.Next, Monte Carlo simulations
are employed to address the uncertainty of the urban rail load currents, which are integrated into the solving process of the
multi-objective optimization model.Lastly, the effectiveness and feasibility of the proposed method are demonstrated through a
case study of the Shenzhen urban rail and city network coupled system.The results indicate that this configuration strategy not
only effectively mitigates DCMB phenomenon of the main transformers but also achieves the installation of the minimum
number of DC blocking devices.

Keywords:urban rail ; direct current magnetic bias ; stochastic load ; DC blocking devices ; multi-objective rime optimization
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Research on the Safety Distance for UAV Fire Extinguishing on
+800 kV DC Transmission Line Linear Tower Based on Electric

Field Equivalence
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Abstract: Unmanned aerial vehicle (UAV) fire extinguishing has gradually become an important means for fire fighting on
transmission lines. For ultra high voltage (UHV ) transmission lines, due to the high electric field strength around the wires,
UAVs are prone to discharging,and the safe distance between the UAV and the wires needs to be controlled.However,there is currently
a lack of a basis for setting the safe distance during fire—fighting operations.Based on the principle of electric field equivalence,
this paper quantitatively studies and determines the safe distance for UAV fire—fighting operations on the +800 kV direct current
(DC) transmission line linear tower by combining simulation and experiment. Firstly, the electric field simulation model for
UAV fire extinguishing operation on the linear tower of a +800 kV current transmission line is constructed.Based on the UAV s
geometric shape, electrical performance and the surrounding electric field distribution, the spatial electric field distribution of
UAV under different fire extinguishing positions and distances is determined using the finite element method.Then, an air gap
discharge testing platform is built to simulate the influence of fire extinguishing agents on air gap discharge in fire fighting
environment , and the initial induced discharge field strength of the UAV in fire fighting environment is quantitatively analyzed.
Finally, by combining with the spatial electric field distribution and the initial induced discharge field strength , the minimum
safe distance for UAV fire extinguishing operation on +800 kV DC transmission line linear towers is determined to be 3.0
meters The above research can provide a theoretical basis for the safe distance setting of UAV fire fighting operation of UHV
transmission lines , and provide an effective reference for the safe operation of UAV in similar high—voltage environments.

Keywords: electric field equivalence ; electric field distribution ; direct current transmission lines ; Unmanned aerial vehicle fire

extinguishing ; minimum safe distance
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Table 1 JC1 tower design parameters
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Fig.1 Simulation models
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Fig.2 Spatial electric field distribution

X AMUAL T FLe N R Jr FIAM AT
BB 0.5~3.5 m  fRUCEEHE 0.5 mo A [ K K 4

N IRANLHL 9 R 3—K 5 PR .
1 3—3 5 Al A, BEE T AHLS LR AR g
K, TEAMUAE KGR K KA BRI PR B R 7Y B R H 3
SR RSB HTIR/)N , TC N HILAE- S 2k oA S ol 8 e e, 7
SPET T RO RS 5 5 AR R, T AL
e LR NI HL 788 B 5K, fa B P LA i, 2 i i
o R T AR R R RS AL, I AHLAE 28 A ] i
PR T L AL B OV R R . TR
TR K EE K IS A B B9 TCAHLAS [F) 7 B e s Y

106

®3 FTHRAFISFET=800 kV £ T AHL
AR EEEEIHRE
Table 3 Electric field intensity at different positions of
+800 kV line UAV under the dry powder extinguishing
agent atmosphere

ANTEI R H R EE (K V /em)
(hA=H

05m 10m 15m 20m 25m 30m 35m
A 293 228 166 144 123 102 88
TH o 126 101 7.8 5.7 4.2 3.7 3.4
SN 276 205 158 127 109 96 8.3

R4 EFRNFIFET+800 kV £ BT AL
AEMEEEEIFEE
Table 4 Electric field intensity at different positions of
+800 kV line UAV under the atmosphere of foam
extinguishing agent

ANTEI R H R/ (K V /em)
(A

05m 10m 15m 20m 25m 3.0m 35m

M 296 226 173 143 122 104 9.7
TH 13.2 9.9 8.2 6.3 4.4 3.8 3.7
S 273 205 158 128 107 95 8.1

F5 KERNFIFET+800 KV & AHl
AEMEEEEIFEE
Table 5 Electric field intensity at different positions of
+800 kV line UAV under the atmosphere of water—-based
fire extinguishing agent

AP 2SR %58 B2/ (kV/em)
05m 1.0m I5m 20m 25m 30m 35m

(A

M 300 226 165 144 124 101 9.0
T 124 102 78 5.7 43 3.7 3.3
S 284 215 159 128 112 96 8.2
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Fig.3 Gap breakdown testing platform
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Table 6 Test of rod—plate gap breakdown voltage under

the atmosphere of dry powder extinguishing agent
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IR] B 5 /em
Lo S 1= e 1 . N T 1 .V A
1 114 12.6 122 11.7 11.9
2 23.8 24.3 229 24.6 235
3 50.3 52.1 52.3 51.8 50.6
4 66.6 67.3 68.4 66.8 67.1
5 81.9 82.2 814 82.5 81.3
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Table 8 Test of rod—plate gap breakdown voltage under

the atmosphere of water based fire extinguishing agent
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WL P2 W3 W4 S
1 153 14.5 15.1 13.7 142
2 21.6 23.6 22.7 224 21.9
3 335 33.0 324 34.1 33.8
4 44.0 45.7 46.1 44.9 44.7
5 67.2 68.1 66.8 67.3 67.4
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Table 7 Test of rod—plate gap breakdown voltage under

the atmosphere of foam extinguishing agent

AR ] B i 5 SR /Y

[] B S /em - - - - -
Wik mhk2 k3 ke WS
1 17.5 16.8 17.2 16.5 17.6
2 24.1 235 22.7 23.6 23.3
3 35.4 37.1 36.5 36.7 36.6
4 46.4 48.2 47.6 475 47.1
5 66.3 65.7 65.8 66.7 67.1
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Fig.4 Gap breakdown field strength under atmosphere of
different extinguishing agents
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Fig.5 Discharge distance testing platform
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Fig.6 Ultraviolet imaging
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Table 9 Initial induced discharge distance of UAV under

different extinguishing agent atmospheres
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Fig.7 Simulation models for experimental tests

432 ZBHKE

23 IR FH KGR 128 SR G0 s AP AR
B FERMIT AN BER RS 2% 7 0 B A 4%
Fo BIRAPEA S E N ZR 10 Fis .
433 HITRENARRITE

REAPL 0 L R ol B E R T X P B £ S E
TR RVE Y, FL 3 TR Rk 1 R A 1 1O
[, SRR A R (D) PR .

AL 5 DX Sl F 7 19 S Jo gl 2 %o A L3

FEA B A2 v 0 7 PR AR i . AR E
WY TCRE R, v A3 LA 5 75 1 6 R A (2)
IR

TN R B RAL RS RN () PR,

F10 #HERXBHESHIRE
Table 10 Simulation parameter settings for
simulated testing

Bk RO IR 2 BEER/(S/m) MRS

N 1101 3.8x107 f=Ea
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W 1x10'0 3.8x107 Bk
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TH 7.5 2.66x10710
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Fig.8 Simulation results of electric field strength
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Table 11 Initial induced discharge intensity of UAV under
different fire extinguishing agent atmospheres

R YU I B B B fem HL 3/ (kV/em)
T 50 11.76
HERZR 60 10.75
pj & 60 10.72
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Transformer Top Oil Temperature Prediction Model Based on Data

Quality Improvements

ZHANG Ruoyu”,SHI Zheng, GUO Jian, GONG Xin, LEI Min
(State Grid Shandong Electric Power Company Qingdao Power Supply Company , Qingdao 266000, China )

Abstract : Transformer top oil temperature can be used to measure the thermal characteristics of the transformer, and is an
important parameter for assessing transformer condition.Due to the on—site complex working environment , the on-line
monitoring data of top oil temperature often have a large number of missing values , which seriously affects the prediction of top
oil temperature.Meanwhile , affected by many factors such as load , environmental temperature , environmental wind speed , solar
radiation, etc. , the information of different time scales are aliased within the monitoring data , making it difficult to achieve the
desired accuracy by single prediction model.This paper proposes a method for predicting the top oil temperature of transformer
based on data quality improvements.First, supplement the top oil temperature data of transformer containing missing values by
the Gray —Markov model to obtain a complete and continuous time series.Then, ensemble empirical mode decomposition is
used to decompose the transformer top oil temperature time series into multiple time series components to eliminate the
interaction between different time scale information and reduce the prediction difficulty. Finally, extreme learning machine
(ELM ) sub —prediction models are established to predict the components, and the prediction results of all sub—models are
summed to obtain the final prediction results for the transformer top oil temperature. Through field data verification, the
proposed method was used to predict the transformer top oil temperature in the next two days.Mean absolute percentage error
(MAPE) is 5.27% , root mean square error (RMSE) is 2.459 2, correlation coefficient (CC ) is 0.832 6, and coefficient of
determination (CD)is 0.682 9.Compared with back propagation ( BP)neural network model , support vector machines (SVM)
model and long short term memory network (LSTM ) model , MAPE is respectively reduced by 69.56% ,61.92% and 43.45%,
and RMSE is respectively reduced by 67.02% , 59.87% and 36.58%.Compared with LSTM model , CC and CD are respectively
improved 289.61% and 559.1%.

Keywords: transformer; top oil temperature ; Markov process ; ensemble empirical mode decomposition ; exireme learning machine
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Table 3 Comparison of prediction performance indexes
with different models

(i MAPE/% RMSE cC CD
BP #4592 17.31 7.456 7 -0.049 1 0.002

SVM 13.84 6.127 6 0.026 0

LSTM 9.32 3.878 4 0.213 7 0.103 6
EEMD-ELM 5.27 24592 0.8326 0.6829
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Fig.11 Comparison of prediction effects with different
decomposition methods
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Table 4 Comparison of prediction performance indexes

with different decomposition methods

WRES MAPE/% RMSE cC CD

ELM 10.18 47289 01388  0.0192
EMD-ELM 8.33 3.6236  0.6213 03451
EEMD-ELM 5.27 24592  0.8326  0.6829
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Table 5 Comparison of prediction performance indexes
with different models based on EEMD

LAY MAPE/% RMSE cC CD
EEMD-BP 8.47 3.8269 03609  0.1302
EEMD-SVM 5.48 2.6134 0.6942 04819
EEMD-LSTM 5.34 2.546 2 0.783 1 0.6132
EEMD-ELM 5.27 24592 0.8326  0.6829
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ME T EEMD-LSTM #& 7l | S 2 AH X 152 22 FRAIL T
1.31%, Y T AR Z RN T 3.41% , X 2L S T
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