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Abstract Large-scale access of distributed photovoltaic (PV) systems to low-voltage (LV) distribution networks 
causes voltage overruns and back-feeding problems, which seriously affect the safe and stable operation of power 
grids. Aiming at the voltage overrun and back-feeding overload caused by the large-scale access of low-voltage 
distributed photovoltaic (PV) systems, this paper proposes a user regulation and station autonomy strategy based 
on particle swarm optimization algorithm. A mathematical model is constructed with total power loss, voltage 
deviation and PV consumption ratio as the optimization objectives, and the particle swarm algorithm is used to solve 
the optimal access location and capacity configuration of PV system. This includes the establishment of a two-stage 
topology model for distributed PV systems, the design of PV MPPT control and inverter double-loop control 
strategies, and the use of PSO algorithm for iterative optimization of decision variables. Pilot application is carried 
out in a village #2 station area, and the results show that: the total voltage deviation after single-point PV optimization 
configuration is reduced from 1.311kV to 0.0885kV, with a voltage deviation reduction of 94.36%; the total voltage 
deviation of multi-point configuration is further reduced to 0.0349kV, with a reduction of 98.47%. After the 
implementation of the autonomous control strategy, the midday peak voltage is stabilized from over 250V to below 
240V, effectively suppressing the backward flow. The optimized PV rated capacity is 970kW, which maximizes the 
PV consumption under satisfying the voltage constraints. It is proved that the proposed method can effectively 
improve the voltage quality of distribution network and guarantee the safe and efficient grid connection of distributed 
PV. 
 
Index Terms Distributed photovoltaic, Particle swarm optimization, Voltage control, Station autonomy, Optimal 
allocation, Low-voltage distribution network 

I. Introduction 
Distributed photovoltaic (PV) power generation, as an emerging clean energy technology, is widely used in various 
power systems [1], [2]. With China's energy structure adjustment and the gradual promotion of clean energy, the 
application of low-voltage distributed photovoltaic (PV) systems has received more and more attention [3]. Low-
voltage distributed photovoltaic system refers to the use of distributed power generation technology, the installation 
of photovoltaic battery packs on distributed centralized access points such as building roofs, walls, or sites, and 
connected to the public power grid through the low-voltage grid, supplying photovoltaic power to the power-using 
facilities of the buildings or sites, so as to realize self-sufficiency of electric power or power generation in parallel 
with the public power grid [4]-[7]. 

In the operation of low-voltage distributed PV systems, the safety issue is crucial [8]. The system should be 
equipped with perfect safety protection devices, such as lightning protection, overcurrent protection, and reverse 
connection protection, to ensure equipment and personal safety [9]-[11]. Meanwhile, regular safety inspection and 
maintenance of the system, timely detection and treatment of potential safety hazards are also the key to ensure 
the safe operation of the system [12], [13]. As for the complexity and practicality of low-voltage distributed 
photovoltaic power generation systems, the systematic design and operation of the system is needed to achieve 
the highest power generation conversion efficiency and energy utilization benefits [14]-[16]. Layered hierarchical 
design is to optimize the efficiency and performance of the system by designing the main parts of the low voltage 
distributed PV system, such as power generation, energy storage, and transmission, layer by layer hierarchically 
from top to bottom [17]-[19]. In addition, in low-voltage distributed PV systems, user regulation and station autonomy 
strategies can achieve grid security and efficient operation through multilevel collaborative optimization [20], [21]. 
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Photovoltaic (PV) power generation, as an important part of clean energy, plays a key role in China's energy 
transition and carbon neutral strategy. Distributed photovoltaic (PV) has been developing rapidly in rural areas, and 
a large number of them are connected to the low-voltage distribution network, but due to the intermittent, stochastic 
and fluctuating characteristics of PV output, it brings serious challenges to the operation of the traditional distribution 
network. When the PV power generation exceeds the local load demand, it will produce power reverse flow, resulting 
in voltage rise at the end of the distribution network, causing equipment damage and power supply interruption in 
serious cases. The traditional distribution network design does not fully consider the access of distributed power 
sources, and lacks effective voltage regulation and control means, which makes it difficult to cope with the power 
quality problems under the high penetration rate of PV. Existing research focuses on the optimal allocation of 
photovoltaic in high-voltage distribution networks, and the research on low-voltage distribution networks, especially 
in rural areas, is relatively weak. Low-voltage distribution networks are characterized by large line impedance, three-
phase load imbalance, and weak network structure, and the voltage problem is more prominent after PV access. 
Therefore, the study of distributed PV optimization control methods suitable for low-voltage distribution networks is 
of great significance to ensure the healthy development of PV in rural areas and the safe operation of power grids. 
This study proposes a control strategy based on particle swarm optimization algorithm for the voltage overrun and 
back-feeding overload problems caused by low-voltage distributed PV systems. Firstly, a two-stage grid-connected 
system model containing key equipments such as PV arrays, DC/DC converters and inverters is established to 
analyze the functions and control requirements of each component. Secondly, a mathematical model is constructed 
with the optimization objectives of minimizing network loss, minimizing voltage deviation and maximizing PV 
consumption ratio, and the current constraints, voltage constraints and current constraints are set. Then the particle 
swarm algorithm is used to solve the optimization of PV access location and capacity, and global optimization is 
achieved through the speed and location update formula. Finally, a typical rural station area is selected for pilot 
application to verify the effectiveness and practicality of the proposed strategy. 

II. Low-voltage distributed photovoltaic system modeling 
II. A. System architecture 
Distributed photovoltaic power generation system can be divided into off-grid power generation system and grid-
connected power generation system, off-grid power generation system topology only power supply and load, 
photovoltaic DC side is only partially connected to the load, issued by the self-generated electricity for self-use. 
Distributed photovoltaic power generation system grid-connected can provide active reactive power support for the 
grid, the current distributed photovoltaic power generation system is mainly divided into two categories according 
to the structure of the division, respectively, for the single-stage and two-stage, and currently more than two-stage 
grid-connected, its topology as shown in Fig. 1, the system consists of photovoltaic arrays, DC/DC circuits, DC 
buses, two-stage grid-connected inverters, loads, storage, and the power grid components. 

(a) Boost circuits (b) Buck step-down circuit
 

Figure 1: Topological structure 

The role of the main equipment of the two-stage distributed photovoltaic power generation system is analyzed: 
(1) photovoltaic array 
For distributed photovoltaic power generation system power supply, the main function is to convert solar energy 

into electricity, the size of the current issued by the environment and the MPPT control strategy, the environmental 
impact, including the impact of light and temperature, light and contains a sudden change in the intensity of light 
and uneven light intensity, and the appropriate MPPT control strategy can ensure that the system power generation 
efficiency. 

(2) DC/DC circuit 
The MPPT control strategy mainly controls the DC/DC circuit to adjust the duty cycle by switching on and off the 

power electronic equipment, and the DC/DC circuit is divided into two categories: Boost boost circuit and Buck buck 
circuit. 



Research on user regulation and station autonomy strategy based on particle swarm optimization algorithm in low-voltage distributed photovoltaic system 

912 

1) Boost boost circuit 
Distributed photovoltaic power generation system of photovoltaic arrays are often not large, the direct output 

voltage level is also low and unstable, Boost boost circuit can effectively enhance the voltage level, the DC/DC 
circuit output current ripple and the continuity inductance is small, suitable for use as an output impedance matching 
circuit. 

2) Buck step-down circuit 
In verifying the effectiveness of the MPPT method, the Buck circuit can be used, only to ensure that the battery 

is greater than the PV array output to avoid the complexity of the reference adjustment. 
(3) Energy storage 
Due to the peak power consumption and PV power generation peak is difficult to coincide, PV power generation 

system issued by the excess power needs to be converted to other forms of energy storage, battery as a 
photovoltaic power generation system storage unit, effectively reducing the direct link between the DC side and the 
AC side, can be unable to consume solar energy storage and release in the peak of the power consumption, power 
regulation to maintain the DC bus voltage, in addition to the energy storage unit can also be Bidirectional 
suppression of frequency, which is conducive to the stability of the power system, and if necessary, can accept the 
scheduling of the power grid, charging and discharging according to grid demand. 

(4) Inverter and power grid 
The back stage of PV power generation system consists of inverter and grid control system. Inverter as the core 

of PV power generation system, its control technology is also quite important, inverter through the control of IGBT 
on and off to make the output voltage of the positive and negative poles to change, DC power into three-phase 
power into the grid, can realize the tracking of the grid voltage, regulating the output power mode value and phase. 

(5) DC busbar 
For photovoltaic power generation system DC side output interface, can be accessed to the grid, load and energy 

storage, and to provide power, DC bus voltage value is also to determine the inverter on both sides of the lack of 
power and energy buildup of important standards, bus voltage is too high may lead to photovoltaic off-grid. 

 
II. B. System control strategy 
II. B. 1) MPPT control strategy 
Swarm intelligence algorithms have both global and local search capabilities, common swarm intelligence 
algorithms include cuckoo algorithm, gray wolf algorithm and particle swarm algorithm [22]. 

Particle swarm algorithm by imitating the flight of birds global search algorithm, in the PSO algorithm, the particles 
have no mass and only two attributes of speed and position, the speed of the particle to determine the speed of the 
particle flight, and the position of the particle search direction, and its speed and position formula expression are 
shown in equation (1): 
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where w  is the inertia weight,and its value is positively correlated with the global search capability. The 
1c  and 

2c  learning factors, 
1c  is too small will make the particles prematurely fall into the local optimum. When 

2c  is too 

small, the particles' sociality is weakened and the information sharing is low, making it difficult to find the optimal 
solution. 

1r  and 
2r  are random numbers between [0,1], 

iP  is the optimal position of the ith particle, and 
gP  is 

the global optimal solution. 
II. B. 2) Inverter control strategy 

Due to the mismatch effect of the grid voltage, the main function of the inverter is to control the inverter current 
for the grid-connected inverter topology, 

dcU   is the equivalent flow-controlled voltage source of the dc output 

voltage, and the inverter consists of six IGBT element switches, each IGBT is connected in reverse parallel with a 
diode; the output voltages of the inverter circuit are 

au , 
bu , 

cu , and the output currents are 
ai , 

bi , 
ci . L  is the 

AC measured filter inductor for harmonic suppression. e  is the grid electric potential [23]. 
Taking the inverter topology as an example, let the three-phase voltage be three-phase symmetrical, the 

inductance L  is linear and does not take into account the delay of the reaction of the power switching device, the 
mathematical model of the inverter in the stationary coordinates of abc  can be expressed as equation (2): 
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Eq. (2) is obtained after Clark and Park transformations: 
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The mathematical model in d  and q  coordinates is: 
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From Eq. (4), it can be seen that the mathematical model of the inverter is coupled to each other in d  and q  

coordinates, and when the current regulator is a PI controller, there is: 
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where *
di  , *

qi   are 
di  , 

qi   current reference values, respectively. 
iPK   and 

iIK   are the current inner-loop 

proportional and integral gains, respectively. 
In this paper, the inverter circuit control of PV inverter adopts the dual-loop control of voltage outer loop and 

current inner loop, the voltage outer loop sets the busbar electric reference value, stabilizes the busbar voltage near 
the reference value, and then carries out the static-free tracking through the PI controller, and outputs the active 
current reference value *

di ; the current inner loop is used for the inverter control. The active and reactive power 

need to be decoupled, and the active and reactive power outputs are determined by controlling the active current 
reference value *

di  and the reactive current reference value *
qi , which is 0 under normal conditions, and the power 

factor of the grid-connected PV power generation system is 1. 
The obtained output voltages 

du  and 
qu  are inverted by the inverse Park transform to obtain the input voltages 

u  and u  of the input space vector pulse width modulation (SVPWM), which completes the control of the inverter. 

The SVPWM is divided into the sector judgment sub-module, the vector action time calculation sub-module, the 
vector action time selection sub-module, the switching time calculation sub-module and the PWWM sub-module. 
The SVPWM is divided into sector judgment sub-module, vector action time calculation sub-module, vector action 
time selection sub-module, switching time calculation sub-module for each sector and PWM generation sub-module. 

III. PSO-based optimized control strategy for distributed PV system 
III. A. Optimization model construction 
Taking the total power loss, voltage deviation and PV consumption ratio of distribution network as the optimization 
objectives, and network current, node voltage and branch current as the constraints, the optimization model of 
distributed PV system is constructed. 
 
III. A. 1) Optimization objectives 
The key to the optimization model of distributed PV system is to establish the optimization model, i.e., the objective 
function of distributed PV optimization in the distribution system. The article establishes minimizing the total network 
loss, minimizing the voltage deviation and maximizing the PV consumption ratio of the distribution network as the 
optimization objectives [24]. 

Reasonable PV configuration can improve the distribution network loss, and the minimization of active loss as 
the optimization objective, the objective function is: 
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where, N  is the total number of branch lines in the distribution network. 
iP  and 

iQ  are the active and reactive 

power of the i th branch line. 
iU  is the terminal voltage value of the i th branch line. 

iR  is the resistance value 

of the i th branch line. 
ik  is the switching operation of the i th branch line, with 0 representing unclosed and 1 

representing closed. 
1f  is the active loss. 

The optimization objective of minimizing the system voltage offset is established as shown in equation (7): 
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where, t  is the node number. k  is the full number of nodes. 
tsU  and 

tNU  denote the actual and rated voltage 

of the t th node, respectively. 
2f  denotes the voltage offset. 

The effective consumption 
cE  is used to determine the difference between the actual consumption of PV power 

and the system network loss: 
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where, T  refers to the number of time periods; H  refers to the number of nodes connected to the power supply. 

( , )G i tP  refers to the actual power consumption of node i  in t  time period. K  is the number of closed branch 

lines in the system. 
tkP , 

tkQ  and 
tkU  refer to the active power, reactive power and voltage in time period t . 

kR  

refers to the resistance value of branch line k . 

The photovoltaic equipment output 
PVP  is given in the following equation: 

 
( , ) max

1 1

E T

PV S t e t e e
e t

P P h A
 

  (9) 

In these parameters, E  refers to the number of photovoltaic panels. 
( , )S t eP  refers to the standardized value of 

the power actually injected by the e  th photovoltaic panel in t   time period. 
maxth   refers to the maximum light 

intensity at time t . 
eA  and 

e  refer to the area of the e th photovoltaic panel and its photovoltaic conversion 

efficiency, respectively. 
In order to reflect the relationship between the effective consumption capacity of PV power generation device and 

the injected power of the power generation device, and to make the optimization model more simple, the ratio of 
the injected power of the power generation device and the effective consumption of PV power generation device is 
defined as a function 

3f  . Then 
3f   smaller and closer to 1 to prove that the better the effect of consumption, 

minimization of the objective function is: 

 
3min PV

c

P
f

E
  (10) 

The objective function F  of the optimal scheduling model consists of a combination of 3 parts as shown in the 
following equation: 

 
1 1 2 2 3 3min F f f f      (11) 

III. A. 2) Constraints 
Develop a mathematical model with current, node voltage, and branch current as constraints. 

Current constraints: 

  cos sin 0Gi i j ij ij ij ij
j i

P P V V G B 


      (12) 
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where, 
GiP  and 

GiQ  represent the active and reactive power of the DG injected into the i th node; 
iV  refers to 

the maximum value of voltage at node i , and 
ijG , 

ijB , and 
ij  refer to the difference in conductance, conductivity, 

and phase angle of voltage between nodes i  and j . 

Nodal voltage constraints: 

 
min maxi i iU U U   (14) 

where, 
miniU , 

maxiU  are the minimum and maximum voltage amplitudes allowed for the i th node; 
iU  is the value 

of the i th node voltage. 

Branch current constraints: 

 
maxl lI I  (15) 

where, 
maxlI  is the upper limit of the branch l -carrying capacity. 

The decision variables are distributed PV access location and corresponding capacity. Taking 5 access nodes 
and corresponding capacity as an example, the number of decision variables is 10, then its decision variable matrix 
VarSize is: 

 1 10VarSize R   (16) 

In Eq. (16), VarSize is a real matrix whose columns are determined by the number of distributed PV accesses. 
 

III. B. Design of PSO-based optimization methods 
The PSO algorithm is suitable for solving problems with a continuous search space and has good convergence 
speed and global search capability [25]. For the optimization problem with D -dimensional search space, the initial 
population size is S  , then the position of the first particle is  1 2, , ,i i i idX x x x  , and the velocity is set to 

 1 2, , ,i i i idV v v v  , the individual optimal solution of the particle in the iterative optimization process is 

 1 2, , ,best best best bestdP P P P . The global optimal solution for all particles of the population is  1 2, , ,best best best bestdg g P P , 

and in each iteration the particles in the population update their velocities and positions according to the following 
equation: 

    1
, , 1 1 , , 2 2 , ,
k k k k k k
i d i d best id i d best d i dv w v c r p x c r g x            (17) 

 1 1
, , ,
k k k
i d i d i dx x v    (18) 

where 
,
k
i dv  is the velocity value of the d -dimension of the i -particle in the k th iteration; 

,
k
i dx  is the position value 

of the i -particle in the d -dimension in the k th iteration; 
,

k
best idp  is the small optimal position obtained for the i -

particle; 
,

k
best idg  is the global optimal position obtained in all means; w  is the inertia weight; 

1c  and 
2c  are the 

acceleration coefficients; and 
1r  and 

2r  are the random numbers within the range of [0,1] . 

From Eq. (17), we know that the particle velocity update includes the following three aspects: 
One is 

,
k
i dw v , the value of this part is determined by the inertia weight w  and the original velocity of the particle. 

The second is  1 1 , ,
k k
best id i dc r p x   , which represents the particle's thinking and learning about itself. 

The third part is  2 2 , ,
k k
best id i dc r g x   , which represents the particle's approximation of the optimal solution of the 

population, i.e., the social experience from the outside world, i.e., the “social part”. 
When PSO is used to solve the optimization problem of distributed photovoltaic system, it is necessary to encode 

the particles, and each particle in the PSO algorithm can be represented by its position and speed, in the algorithm, 
first of all, it is necessary to encode the position of the particles appropriately, and the position of the particles 
represents the optimization scheme of the decision variables, i.e., the position and capacity of power supply access, 
and there are a total of S  particles in the PSO population in the space of dimensions of d . Perform the search. 

The i th particle 
iP  is represented by its position 

iX  and velocity 
iV . The value in 

iX  denotes the capacity of 



Research on user regulation and station autonomy strategy based on particle swarm optimization algorithm in low-voltage distributed photovoltaic system 

916 

the distributed PV accessed in that node. The real-valued matrix of s n
iV R    represents the magnitude of the 

particle's velocity, and the range of values of each element in 
iV  is restricted between 

min max[ , ]v v . 

The PSO-based distributed PV system optimization process is described as follows: first, the location of 
distributed PV access and its capacity are initialized, and then the algorithm undergoes continuous iterative 
convergence until a set of solutions to the optimization problem emerges. Each solution found during the iterative 
process represents a feasible solution after accessing the PV, as well as a particle in the population, and the solution 
corresponds to a fitness value through the optimization objective function. An optimal solution found by a particle 
during the simulated flight of a flock of birds is called an individual optimal solution denoted by 

bestP , while the best 

solution searched globally by the whole population is called the global optimal solution 
bestG . Each particle in the 

population updates its own optimization scheme by simultaneously pursuing the individual and global optimal 
solutions. 

IV. Typical pilot analysis of station autonomy control strategy 
IV. A. Current status of the station 
In this paper, a village is selected to carry out a typical pilot of autonomous autonomous strategy, a village since 
2024 to carry out rural supporting grid transformation, after the transformation of the whole village average 
household capacity increased to 3.5kVA, line insulation rate increased to 100%, power supply reliability rate and 
voltage pass rate are 99.99% or more, the residents' life and agricultural production of electricity are normal, to 
meet the basic conditions of the pilot requirements. Since November 2023, the distributed PV load of a village #2 
station ushered in explosive growth, and continued to grow after reaching the upper limit of the transformer capacity 
in August 2024, and now a total of 12 households are connected with PV users as shown in Fig. 2, which reached 
147.63% of the rated capacity of the transformer of 200 kVA, resulting in overload of back-feeding of the station, 
with the maximum back-feeding load ratio of the station reaching 111.20%, which seriously affect the safe and stable 
operation of grid equipment, and over-voltage caused some damage to the user's electrical equipment. 

1#

2#

3# 4# 5# 6# 7#
Note4 14.65kW

Note3 35.72kW

Note2 25.13kW

Note1 14.15kW

Note6 15.6kW

Note5 40kW

Note9 26.57kW

Note8 23kW

Note7 30.9kW

Note10 33.88kW

Note11 28kW

Note12 24.32kW

 

Figure 2: # 2 low voltage distributed photovoltaic access map 

IV. B. Optimization of grid-connected configuration of distributed PV systems 
Taking a low-voltage station area in a village low-voltage distribution network as an example, we search for the 
optimal access location and optimal output of the PV system to be connected to the grid, in order to achieve the 
purpose of improving the voltage of each node. Due to the three-phase load imbalance in this station area, trend 
calculation and optimal allocation of PV grid-connection must be carried out individually for each phase. In this 
paper, the case in subsection 4.1 is used as a study case to optimize the single-point and multi-point PV grid-
connected configuration for phase A of the station area with the optimization objective of minimizing the total voltage 
deviation. The convergence curve of particle swarm optimization algorithm is shown in Fig. 3. There are 12 nodes 
and 5 branch circuits in phase A of this station, with an estimated total active load of 28.6 kW, and the voltage at 
node 1 is set to 0.24 kV. When the PV system is not configured, the total voltage deviation of each node of the 
network is 1.311 kV, and the total active loss is 6.0 kW. The single-point PV grid-connected optimization 
configuration, with the objective function of minimizing the total voltage deviation and the particle swarm optimization 
algorithm, yields the optimal position of node 12, the optimal location of the PV system connected to the network, 
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and the optimal location of node 12. The optimal location is node 12, the optimal output is 20.474kW, the total 
voltage deviation is 0.0885kV, and the total active loss is 0.672kW. 

 

Figure 3: Particle swarm optimization algorithm convergence curve 

The voltage pairs of each node using different objective functions are shown in Fig. 4. 

 

Figure 4: Each node voltage contrast of different target functions 

The convergence curve of particle swarm optimization algorithm is shown in Fig. 5. The optimal configuration of 
multi-point PV grid-connected with minimum total voltage deviation as the objective function, using particle swarm 
optimization algorithm, obtains the optimal location of PV system grid-connected as node 3 and node 7, the optimal 
output is 10.492kW and 16.983kW, respectively, the total voltage deviation is 0.0349kV, and the total active loss is 
0.422kW. 

 

Figure 5: Particle swarm optimization algorithm convergence curve 

The example of each node using different objective functions is shown in Fig. 6. 
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Figure 6: Each node voltage contrast of different target functions 

It can be seen that the PV system grid-connected to improve the node voltage so that it basically reaches the 
rated voltage, reduce network losses, can be better to play a “low voltage” management effect, the results are 
shown in Table 1. PV grid-connected optimal configuration results for the optimal location: single-point PV node 12, 
multi-point PV nodes 3 and 7. 

Table 1: Comparison of optimal configuration results of photovoltaic network 

Target function Matt Single point photovoltaic Multipoint photovoltaic 

Particle swarm algorithm parameters 

 
1

2

1.5142

1.5142

0.7324

52

3

32

c

c

w

MaxDT

D

N









 

1

2

1.5142

1.5142

0.7324

52

3

32

c

c

w

MaxDT

D

N









 

 

 

 

 

 

Optimal position  Node 12 
Node 3 

Node 7 

Optimal force/kw  20.468 
10.475 

16.984 

Net loss/kw 6.0 0.663 0.425 

Total voltage deviation/kv 1.312 0.089 0.046 

Voltage bias reduction rate%  94.36 98.47 

 
IV. C. Analysis of optimization results 
The optimization of distributed PV rated capacity according to the above optimization control strategy is obtained 
as shown in Fig. 7, where Fig. (a) indicates that ΔP is scaled down in equal steps to the rated PV rated capacity, 
and Fig. (b) indicates that the final iteration is 44 times, and the iteration stops when the condition of 0 < ΔU < Δ, 
which ultimately yields the optimized rated PV capacity of 970 kW. 

 

Figure 7: PV rated capacity optimization iteration and search optimization range 
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The voltage distribution under 24 moments of node 7 with access to distributed PV after optimization is shown in 
Fig. 8, and from the figure, it can be obtained that the node voltage under each moment does not exceed the 
constraints when the rated capacity of the accessed distributed PV is 970 kW, and from the conclusion, it can be 
known that when the accessed distributed PV power node does not exceed the constraints, other nodes will not 
exceed the constraints as well. This is the maximum rated capacity of PV that satisfies the voltage constraints. 

 

Figure 8: Optimized voltage distribution at 24 times in node 18 

IV. D. Analysis of the effect of the implementation of the station autonomy strategy 
In a village #2 station area to implement the previously described over the station voltage autonomy strategy, the 
implementation of the strategy is shown in Figure 9. Taking the end of the 6th pole and grid point as an example, 
the control strategy was not activated throughout the day on October 13, and the phenomenon of back-feeding 
occurred in the PV, resulting in a voltage peak of more than 250V at noon, which posed a hidden danger to the 
safety of the power supply system. Since October 14th, the autonomous control strategy has been activated, and 
the intelligent convergence terminal system monitors the voltage level of each node in real time and adjusts the PV 
output, and the curve shows that the voltage fluctuation at noon is not obvious, and the voltage level of the station 
area remains stable throughout the day on October 14th. When the control strategy is stopped at 14:00 on October 
15, the voltage in the station area does not stabilize, and the peak voltage rises rapidly, exceeding the limit value 
again. From this, it can be concluded that the control strategy of autonomous autonomy has the effect of maintaining 
voltage stability and preventing the occurrence of tidal reversal to a certain extent. 

 

Figure 9: Implementation effect of station autonomous control strategy 

V. Conclusion 
The particle swarm optimization algorithm-based control strategy for low-voltage distributed PV system is applied 
in a village #2 station area to verify its significant effect. In terms of optimized configuration, when single-point PV 
is accessed at node 12 position with a capacity of 20.468kW, the total active loss of the system is reduced from 
6.0kW to 0.663kW, with a loss reduction rate of 88.95%; when multi-point configuration is accessed at node 3 and 
node 7 with 10.475kW and 16.984kW, respectively, the network loss is further reduced to 0.425kW.Voltage quality 
improves significantly, and the node voltage is basically restored to the vicinity of the rated value, effectively solving 
the low-voltage problem. After the implementation of the station autonomy control strategy, the peak voltage at the 
terminal grid-connected points was controlled from over 250V to below 240V, and the voltage fluctuations throughout 
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the day were kept within the safe range. The maximum PV access capacity of 970kW is determined through iterative 
optimization, which achieves the full utilization of PV resources under the system constraints. The particle swarm 
algorithm converges after 44 iterations, showing good optimization efficiency and stability. Practice has proved that 
the proposed method can not only accurately determine the optimal PV access program, but also maintain the 
stable operation of the power grid through real-time regulation, providing a feasible technical path for large-scale 
access of distributed PV in rural areas, which is of great value for the promotion of high-quality development of new 
energy resources in the distribution network with important engineering applications. 
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