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Fig. 1 Framework of bi-level game-based optimization
model for rural flexibly interconnected distribution
transformer areas and charging-storage power station
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Fig.2 SOP-based topology structure and equivalent
circuit for rural flexibly interconnected distribution
transformer area system
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4 BB

4.1 HBHEE
AR S OB TR f A R R PR LR 5 X R L AT

230

CHEBEBAREERTHEMENXERARS N ALE -

ELY M, AN AN R 2 B s o 2R 45 T 15 T g R
HAMEL S X ASERA X B, 4 5B & 5 fi
KR KB EAIT, PiE X8 SOP LM I R &
T U, JF A ak SOP B R 3% 32 70 6l o, DL 4R
FRGMNEAER D SEEAKE, 75 EE
SHROE IR LRI AR AT RIR A2,

F1 RNZHEKRERRESESHY
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Fig.4 Comparison results of net load power in
transformer areas and capacity utilization rates of
transformers for various schemes in scenario 1
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Fig.5 Comparison results of end-node voltages
of feeders among various schemes in scenario 1
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Table 2 Comparison results of operation indicators
for various schemes in scenario 1
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Fig. 6 Comparison results of net load power in
transformer areas and capacity utilization rates of
transformers for various schemes in scenario 2
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Fig. 7 Comparison results of end-node voltages of
feeders among various schemes in scenario 2
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Table 3 Comparison results of operation indicators
for various schemes in scenario 2
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Fig. 8 Comparison results of power and electricity prices
for EVs with various response types in scenario 1
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Table 4 Comparison results of operation indicators
for EVs with various response types in scenario 1
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Fig. 9 Comparison results of power and electricity prices
for EVs with various response types in scenario 2
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Table 5 Comparison results of EVs with various
response types in scenario 2
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Fig. 10 Comparison results of charging power and
electricity prices for EVs under various
pricing mechanisms
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Table 6 Comparison results of various pricing mechanisms in two scenarios
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Coordinated Optimization of Network-Station-Vehicle in Rural Flexibly Interconnected Distribution

Transformer Areas Based on Weber-Fechner Law
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Abstract: With a high proportion of photovoltaic (PV) systems and electric vehicles (EVs) being connected to rural distribution
networks, issues such as unbalanced spatio-temporal load and voltage violation have emerged in the distribution transformer areas.
To address these issues, this paper proposes a bi-level game-based optimization strategy for flexibly interconnected transformer
areas and charging-storage power stations based on the Weber-Fechner law. First, the spatio-temporal complementary
characteristics of sources and loads in rural transformer areas are analyzed, and the flexibly interconnected system architecture
incorporating soft open points (SOPs) and charging-storage stations is established. Then, a bi-level game-based optimization model
involving the distribution network operator, charging-storage power stations, and EV users is constructed. In the upper-level
model, the minimization of operating cost of distribution networks, voltage deviation, and load balancing degree of transformers is
taken as the objective to optimize the spatio-temporal power flow distribution of SOPs. In the lower-level model, the Weber-
Fechner law is introduced to characterize the nonlinear perception mechanism of users toward electricity price incentives and state
of charge, thereby quantifying the coupled effects of psychological thresholds and saturation effects on charging and discharging
willingness of users. On this basis, an optimal pricing and scheduling strategy model for charging-storage power stations is
established, and the particle swarm optimization and genetic algorithms are used for hybrid iterative solution. Case study results
show that, in a high EV penetration scenario, the proposed strategy can fully exploit the coordinated potential of the spatial transfer
capability of the SOP and the temporal shifting capability of EVs. While satisfying EV charging demand, the proposed strategy can
increase user benefits, reduce peak-valley difference and power variance, and achieve the coordinated optimization of power flow
and voltage distribution, thus effectively suppressing the risk of voltage violations, and significantly enhancing the spatio-temporal
load balancing regulation capability and operation security of rural distribution networks.
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