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Fig.2 Construction of feature map
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DT JRIRTEAS 09178  0.9243 0.9167
RF JRIRHEAS 0.9389  0.9407 0.9476
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Fig.3 Sample data distribution under visualization
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Fig.4 Distribution of data generated by full

connection layer under visualization
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Table 3 Assessment results under

different imbalance ratios

M
B 0.70 0.75 0.80 0.85 0.90
CNN 09810 09796 09781 0.9753 09714
ANN 09713 0.9685 0.9669 09614  0.9552
SVM 09642 09586 09517 0.9478  0.9423
DT 09174 09135 09102 09135 0.8995
RF 09367 09284 09226 09157 009113
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Two-stage transient stability assessment of power system based on
boundary enhanced hybrid sampling
ZHOU Shengcun',LUO Yi',YI Xuancheng',WU Yaning',LI Ding',LEI Cheng’
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,School of Electrical and Electronic
Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Development Research Institute of China Southern Power Grid,Guangzhou 510530, China)
Abstract: Due to the inherent imbalance of samples,the transient stability prediction method based on data
mining is tough to be used in engineering practice,for which,a two-stage transient stability evaluation model
based on boundary enhanced hybrid sampling is proposed. In the first stage,the pre-trained cascaded con-
volutional neural network model is used to determine the boundary and non-boundary sample sets,the con-
ditional generative adversarial network is used to synthesize the unstable samples of boundary set,and the
stable samples of non-boundary set are under sampled to achieve boundary reinforcement. In the second
stage, the convolutional neural network model is retrained with the reconstructed sample set after hybrid
sampling to better mine the hidden features of unstable samples, and the improved focal loss function is
used for enhancing the learning ability of the model to the samples of boundary set. The simulative results
of New England 39-bus system and a provincial power grid in Southern China show that the proposed
model can effectively reduce the omission rate of unstable samples,improve the overall prediction accuracy,
and still have good evaluation performance in the case of extremely unbalanced samples.
Key words:boundary reinforcement;hybrid sampling;transient stability;imbalanced classification; convolutional

neural network
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Joint optimization of electric bus reserve rate and charging piles
considering real-time traffic characteristics
CAO Fang,ZHENG Yixin, WANG Siqi, WANG Chunyi, QI Yueying

(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)
Abstract: In order to improve the total investment and operation economy of electric buses and charging
stations, the purchase cost of buses and charging piles and the charging cost should be considered compre-
hensively. The driving time and energy consumption of electric buses are calculated with road characteris-
tics, real-time traffic characteristics and environment temperature as the main influencing factors. On the
premise of meeting the basic needs of bus operation and ensuring the temperature inside the bus,the joint
optimization model of electric bus reserve rate and charging piles is established with the goal of minimi-
zing the sum of the daily purchase cost of buses,the daily construction cost of charging piles and the daily
charging cost. The improved discrete adaptive particle swarm optimization algorithm is used to obtain the
optimal purchase scheme of buses and charging piles, as well as the average daily investment and opera-
tion cost of each season and all the year. The validity of the established optimization model is verified by
taking the electric buses on a bus route under various operation conditions in a year as an example.
Key words: electric buses; charging piles; charging station; bus reserve rate;real-time traffic characteristics;

joint optimization;environment temperature



B A

YN S - 2

[ Al REXZi@iE CNN 54
Fig.Al Structure of multi-channel CNN
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Table A1 Structure of multi-channel CNN
=R ESt] W R
Layerl Convolution Relu
Layer2 Max-pooling —
Layer3 Convolution Relu
Layer4 Max-pooling —
Layer5 Convolution Relu
Layer6 Max-pooling —
Layer7 Fully connected —
Layer8 Batch normalization —
Layer9 Fully connected —

-

A2 CGAN &AL
Fig.A2 Model structure of CGAN



Misk B

®k BlLERRGEHWREH
Table B1  Structure and parameters of generator

J=E LR BRERSY BRBEME PR BiER

Layerl 2D %7 3x3 32 2 Leaky ReLU

Layer2 2D % 3x3 64 2 Leaky ReLU

Layer3 2D #iR 3x3 32 2 Leaky ReLU

Layerd 2D R 3x3 10 2 ReLU
= B2 HIABEMRESH

Table B2  Structure and parameters of discriminator
EH SR BRI BREHE PK MIEER

Layerl 2D #%fH 3x3 32 2 Leaky ReLU
Layer2 2D #H#H 3x3 64 2 Leaky ReLU
Layer3 2D A1 3x3 32 2 Leaky ReLU
Layerd 2D N 3x3 10 2 Leaky ReLU
Layerd  4niEFEZ - - - Sigmoid

= B3REBEEM
Table B3 Confusion matrix

HSE
PG
FasE PN
BE M Ny
A Ney Nes
N, +N
A, =Y __T5x100% (B1)
n
n n
G, = \/ v _ s (B2)
Nry +Nes Nps + Mgy
2% Ny Moy
F = Ny + Mg Ny + gy (B3)

n n
LIV U
Nry + Mg Ny + gy
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Table C1 Effect of k on model performance

y RN

A, F G M,
0.4 0.982 4 0.9728 0.9754 0.976 8
0.5 0.984 6 0.9724 0.9759 0.9776
0.6 0.984 8 0.974 6 0.976 4 0.978 6
0.7 0.9859 09751 0.978 2 09797
0.8 0.9857 0.976 9 0.982 3 0.9816
0.9 0.988 4 0.9788 0.984 4 0.9839
1.0 0.9887 0.979 2 0.9879 0.9852
1.1 0.9921 0.9807 0.988 2 0.9870
1.2 0.990 3 0.9829 0.989 5 0.987 6
1.3 09911 0.9835 0.9877 0.987 4
1.4 0.9909 0.982 3 0.988 3 0.987 1
15 0.9915 0.9819 0.987 6 0.987
1.6 0.9913 0.9818 0.988 7 0.987 2
1.7 0.990 1 0.982 3 0.9877 0.986 3

CT —— LSTM

]
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Fig.C1 Model evaluation indicators under imbalanced conditions
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Table C2  Performance comparison of various models in a

provincial power grid in Southern China

PRLEGLI

AL PN
A:C I:l Gmean
CNN FiG+EH 09907 0.9815 0.987 2
ANN JEahrEA 09851 0.9723 0.982 4
SVM JEahrEA  0.9694 0.9503 09721
KNN JEghreA 09513 0.9388 0.954 1
CT FghREA 09217 0.908 3 09105
RF JghREA 09319 0.9228 0.9517

LSTM JRUGREA 0.9821 0.967 3 0.9597




