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Abstract In this study, a flexible interconnection topology design method based on intelligent algorithm-driven 
design is proposed for the flexibility and stability needs of low-voltage distribution networks in new energy high-
penetration scenarios, and new energy access strategies are optimized by combining with the honeycomb active 
distribution network (HADN) structure. By improving the Davignan equivalent impedance voltage drop model and 
introducing the relative electrical distance matrix, the fast calculation of the static voltage stability index (SVSI) of 
the distribution network is realized, which reduces the computational complexity of topology optimization. The 
designed HADN topology supports active/reactive power optimization by realizing dynamic energy mutualization 
and cooperative protection among microgrid clusters through smart power exchange base stations (SPIES). 
Simulation experiments show that the proposed strategy has good adaptability under complex operating conditions, 
with PV power prediction accuracies of 93.14% day-ahead and 98.86% intraday, and unregulatable load prediction 
accuracies of 86.18% (day-ahead) and 96.34% (intraday), respectively. In the steady state operation, each 
distributed power source (DG) stabilizes rapidly, of which the combined photovoltaic battery system, photovoltaic 
power generation system, fuel cell and wind power generation system reach the steady state within 1s, 0.5s, 0.3s 
and 4s, respectively. 
 
Index Terms low voltage distribution network, honeycomb active distribution network, flexible interconnection 
topology, static voltage stabilization, new energy access 

I. Introduction 
In recent years, due to the large consumption of fossil fuels and other traditional fuels, global warming, the 
greenhouse effect and other problems are becoming more and more serious, so China has made a commitment to 
“carbon peak, carbon neutral” in the United Nations General Assembly. As one of the important components of the 
energy system of the power system, to create a new power system mainly based on renewable energy is an 
important way to realize the “dual carbon” goal [1], [2]. For this reason, the source-load characteristics of the new 
power system have also been changed, and on the power and load sides, the distributed energy sources mainly 
based on photovoltaic power generation and the new loads mainly based on fast charging stations for electric 
vehicles are gradually connected to the power system on a large scale [3], [4]. Given that the above new source 
loads are characterized by high stochasticity and volatility, distribution grids with inherent single-radial topology will 
face a variety of power quality problems such as high harmonic current content, three-phase current asymmetry, 
and node voltage overruns [5]-[7]. 

In order to improve the power quality of low-voltage distribution networks and solve the voltage overrun problem, 
the traditional regulation means are mainly adding passive filters, adjusting on-load voltage regulators, and installing 
contact switches [8]. However, these programs have poor flexibility, insufficient regulation range and response 
speed, and are difficult to cope with the demand for distribution network operation and regulation under the extensive 
access of new source loads [9], [10]. On the other hand, flexible distribution network is based on the traditional 
distribution network, through the flexible modification of some key nodes or branch circuits, so as to make it have 
flexible closed-loop capability [11]. Flexible distribution network can significantly improve the quality and reliability 
of power supply and effectively cope with the volatility problems arising from the access of distributed power sources 
and DC loads, so the flexible development of low-voltage distribution network is an inevitable trend [12], [13]. 

In order to solve the problems of insufficient local power capacity and source charge mismatch in low-voltage 
distribution networks when large-scale distributed energy sources are connected, a large number of scholars have 
analyzed the flexible interconnection structure of AC and DC distribution networks. Wu, T. et al. established a two-
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terminal power supply type topology suitable for tidal current complementation using a back-to-back flexible 
interconnection device, utilizing which smooth switching between the two operating methods is possible during 
normal operation and during a single-side fault [14]. Yuan, M. et al. proposed the use of a series flexible 
interconnection structure for the transformation of a power system with large-scale distributed energy access, and 
further proposed an effective valve control system and drive module by analyzing the topology and control principle 
of this system [15]. At the same time, some scholars have also accurately assessed the overall performance of 
distribution grids under different flexible interconnection topologies with the help of intelligent optimization models, 
which provides a solid data base for reliable operation and future planning of the grid. Li, J. et al. investigated a 
coordinated planning method for flexible interconnection devices and distributed energy storage systems in low-
voltage distribution networks, and effectively improved the storage capacity and transmission power of distributed 
energy sources when accessing them by establishing a two-layer planning model with the objective of minimizing 
the integrated cost and energy abandonment [16]. Zu, G. et al. proposed to construct a model of the relationship 
between the total supply capacity of the distribution network and the capacity of the low-voltage flexible 
interconnection device for the flexible trend control and multilevel load transfer phenomena existing in the low-
voltage flexible distribution network, and to provide guidance for the planning and operation of the distribution 
network under the distributed energy access with the help of the branch demarcation algorithm [17]. Yang, Y. et al. 
developed an interconnection planning model for distribution grids with multiple microgrids based on connection 
type, investment cost, and operation scheduling, and used a two-layer optimization algorithm to solve for the optimal 
interconnection structure to achieve the maximum economic benefits [18]. 

Taking the low-voltage distribution network as the research object, this study combines intelligent algorithms and 
power electronics technology to propose a topology design method for flexible interconnected smart distribution 
networks, and focuses on solving the core problems of its static voltage stability analysis, topology optimization, 
and cooperative control of interconnected microgrids. Based on the fast calculation of static voltage stability index 
(SVSI) of distribution networks, an improved Davignan equivalent impedance voltage drop model is proposed, which 
reduces the computational complexity through the relative electrical distance matrix and provides a real-time stability 
assessment basis for topology design. Aiming at the flexibility and reliability requirements of new energy access, a 
honeycomb active distribution network (HADN) topology is designed to realize energy mutualization and cooperative 
protection among microgrid clusters by means of smart power exchange base stations (SPIES). The honeycomb 
active distribution network is composed of distributed microgrids with standardized configurations, each of which 
realizes regional autonomy in the integrated mode of “source-network-load-storage”, and adjacent microgrids are 
interconnected to form a honeycomb structure through SPIES. SPIES implements power bidirectional flow control 
based on power electronic devices (e.g., bidirectional DC/AC converters) to support active/reactive power 
optimization and energy mutualization among microgrids. It also constructs a layered control system for 
interconnected microgrids and proposes a power interaction controller model based on voltage source converter 
(VSC) to ensure the stable operation of multi-microgrid systems under dynamic operating conditions. 

II. Intelligent algorithm-driven flexible interconnection topology design and stability 
study of low-voltage distribution networks 

II. A. Indicators of static voltage stability in distribution networks 
There is a complex coupling between static voltage stability and active and reactive power in the distribution 
network.The PV curve reflects the relationship between node active power changes and voltage.Although there is 
no explicit expression of the relationship between voltage and reactive power, the PV curve is generally obtained 
by the continuous tidal current method, which has already taken into account the influence of reactive power on 
voltage in the distribution network.The state of saddle-node bifurcation point of the PV curve corresponds to the 
tidal current equation The Jacobi matrix appears to have zero eigenvalue, so the saddle-node bifurcation point of 
the PV curve is the critical stabilization point of the system static voltage. 
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Figure 1: Power system PV curve 
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Figure 1 shows a schematic diagram of the PV curve of a power system, reflecting the relationship between the 

power consumed by a load in the power system, P , and the variation of the voltage, V , at that load. 
For constant power loads, the system should supply rated power NP  to the load when the system is operating 

normally at point A  in the lower half of the PV curve. If the load-side voltage is reduced by perturbation, the system 

provides power to the load with too low a value of P , and insufficient active power supplied by the system leads to 

a further reduction of the load-side voltage to reach the position of A , which creates a vicious circle and 
exacerbates the power imbalance. 

According to the Davignan equivalent circuit, when the line is at the maximum load, i.e., the saddle-knot bifurcation 
point of the PV curve, the load-side voltage is equal to the voltage on the Davignan equivalent impedance, so that 
the saddle-knot bifurcation point can be solved quickly, avoiding the drawbacks of non-convergence of the trend 
equation, complicated calculation and slow speed in the continuous tidal current method. In this paper, we propose 
to use an iterative algorithm to determine the distance matrix, where the m th column in the matrix denotes all paths 
between bus m  and the generator controlling the voltage of that bus. The voltage nV  on the Davignan 

equivalent impedance is computed from the port voltage of the PV-type generator closest to the bus m  and the 
load side voltage. 

The operating condition of the power system changes all the time, and when the topology of the distribution 
network changes it is necessary to re-calculate the iteration matrix for each bus, which is more expensive to 
calculate. Therefore, relative electrical distance is introduced to list the voltage-current relationship between 
generator buses and load buses, as shown in Equation (1). 
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     
     

     
 (1) 

where: LV  is the load bus voltage matrix; GI  is the generator grid-connected bus current matrix; LI  is the load 

bus current matrix; GV  is the generator grid-connected bus voltage matrix; LGF  and GLK  denote the electrical 

relationship between the generator and load bus. The electrical relationship between the generator and the load 
bus can be derived from the nodal admittance matrix; LLZ  and GGY  are the submatrices of the impedance and 

admittance matrices at the corresponding positions in the impedance and admittance matrices. The relative 
electrical distance matrix LGR  can be calculated using the matrix LGF  as shown in Equation (2). 

 1[ ] [| | | |]LG LG LL LGR A abs F A abs Y Y     (2) 

where: A  is an all-1 matrix of the same dimension as LGR ; abs denotes the absolute value taken for the elements 

within the matrix; LLY  and LGY  are submatrices of the corresponding positions in the conductivity matrix. 

The elements in LGR  denote the relative electrical distances of the load from all generators in the system, which 
is computationally significantly less intensive compared to the shortest path determination method via iterative 
matrices. 

Comparing the size of the elements in each column of the matrix LGR , the generator closest to the specified bus 

can be determined to calculate the Davignan equivalent impedance voltage drop V  as shown in Equation (3). 
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where: m  is the bus serial number; M  is the set of all buses in the shortest path from generator g  to load bus 

l  determined by the iterative method; qV


 is the voltage on bus q ; gV


 is the voltage at the end of the generator 

g  which has the shortest relative electrical distance; lV


 is the load bus l  voltage. 

Different voltage stabilization indexes are subject to some degree of error due to different approximations taken. 
When a bus in the power system is in the critical stable state of voltage, the adjacent bus voltage will also produce 
a large voltage fluctuation phenomenon, so the correction factor   is added, as shown in Equation (4). 

 2
max min1 (max | |)V V     (4) 
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where: maxV  is the highest bus voltage standard value in the system; minV  is the lowest bus voltage standard value 
in the system. The simplified voltage stability index (SVSI) calculation formula is shown in equation (5). 

 VSI

V
S

V
 




  (5) 

where: VSIS   is the simplified voltage stability index of bus m ; V  is the voltage at bus m . 

When 1VSlS  , it means that bus m  is in the critical stable state of voltage. After calculating all bus VSlS  values, 

the maximum of them is selected to indicate the voltage stability of the distribution network. 
When the overexcitation current limiter and stator current limiter work in the generator, the generator loses voltage 

control and enters into the PQ operation mode, emitting a fixed amount of active and reactive power. Therefore the 
calculation of SVSI index for each bus requires rewriting the node conductance matrix to reconfirm the PV type 
generator closest to that bus. 
 
II. B. Topology design of flexible interconnected smart distribution grid 
Fast calculation based on static voltage stability index provides real-time stability criterion for distribution network 
topology optimization. However, the traditional radial topology is difficult to meet the flexible demand in new energy 
high penetration scenarios. Therefore, this section further proposes a honeycomb active distribution network (HADN) 
topology, which realizes dynamic energy interactions among microgrid clusters through flexible interconnection 
devices. 
 
II. B. 1) Concept and structural characteristics of flexible interconnected smart distribution grids 
As the use of flexible interconnection of large-scale power electronic equipment expands, the distribution network 
structure is developing from a basic radial type to a multi-terminal interconnection type network, and the power 
distribution mode is gradually evolving from a basic AC system to a hybrid AC/DC form. Multi-terminal flexible 
AC/DC hybrid distribution network based on flexible DC technology is beneficial to the flexible access of various 
distributed power sources and electric vehicles, and also provides the basic conditions and core equipment for the 
construction of flexible smart distribution network. The large number of microgrid technology has become the 
development direction of intelligent distribution grid for distributed system in the future. Flexible interconnection 
intelligent distribution grid is to connect each feeder, each AC/DC distribution electronic network or microgrid (group) 
in the distribution grid through flexible interconnection device (FID), so that each distribution electronic network or 
microgrid (group) gives full play to its own characteristics, realizes the distributed new energy, energy storage 
equipment, electric vehicles, etc., and realize intelligent scheduling among the distribution networks or microgrids 
(groups) to achieve the functions of trend control, energy mutual aid, active and reactive power optimization, and 
cooperative protection. The currently proposed honeycomb active distribution network is a flexible interconnected 
smart distribution network. 
 
II. B. 2) Cellular active distribution network topology 
The honeycomb active distribution network is a distributed microgrid cluster with standardized configuration of 
“source network and load”, which is combined into a network with a honeycomb structure through Smart 
Power/Information Exchange Base Stations (SPIES), hereinafter referred to as Base Stations, to realize regional 
autonomy of microgrids and wide urban interconnection among them. Neighboring microgrids utilize power 
electronic-based controllable devices to achieve power inter-supply, thus weakening the electrical connection to the 
main grid. Specifically, each microgrid constitutes an autonomous small/micro power supply and use system through 
the standardized configuration of “source grid, load and storage”, thus realizing the local consumption of new energy 
and the basic self-balancing of supply and demand within the region to the greatest extent possible, and the 
residual/shortage of power can be exchanged freely with the adjacent microgrids through the controllable 
equipments distributed in the district; the whole power distribution system will be composed of The whole distribution 
system will be formed by a cluster of relatively independent and interconnected distributed autonomous microgrids. 
This constitutes a honeycomb active distribution network (HADN) topology, with no electromagnetic loop between 
the microgrid clusters, which has the advantages of strong network architecture, strong ability to consume clean 
energy, flexible distribution methods and support for power market transactions. 

The honeycomb active distribution network topology is composed of multiple microgrids, and neighboring 
microgrids are interconnected with power electronics-based base stations through their respective public connection 
points (PCCs), thus forming the whole honeycomb active distribution network as shown in Fig. 2. Under normal 
operation, the power supply and demand of the microgrids (including energy storage) are essentially balanced with 
the load of each microgrid; when power anomalies or faults occur in the microgrids, each relevant base station can 
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quickly scatter an accurate assessment based on the monitored situation, and according to the results of the 
assessment, apply power support in time to restore the balance or choose to disconnect from the faulty microgrid. 
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Figure 2: Topology of honeycomb active distribution network 

Each microgrid in the honeycomb active distribution network topology requires six base stations to provide power 
support, and each base station liaises with three microgrids. The number of base stations required is high, the 
construction cost is relatively high, and the communication and decision-making mechanisms between multiple 
base stations and microgrids are complex. The relay protection configuration of the honeycomb active distribution 
network is also more complex than that of the traditional distribution network with open-loop operation, so the 
honeycomb active distribution network can be improved to construct a better topology. 
 
II. C. Interconnected microgrid stability study 
Although the honeycomb topology enhances the new energy consumption capacity, its multi-microgrid 
interconnection architecture needs to solve the stability problem under dynamic operating conditions. To this end, 
this section investigates the power interaction and cooperative control of interconnected microgrids, and proposes 
a hierarchical control strategy based on VSC to ensure the robust operation of the system under complex 
disturbances. 
 
II. C. 1) Interconnected microgrid power interaction controllers 
Electrical connectivity between microgrids and microgrids is established through interconnected power bidirectional 
converters to control the power dispatch between microgrids. In this paper, a power interaction controller between 
interconnected microgrids is proposed based on voltage source converter (VSC). The controller principle is 
introduced through the equivalent circuit of power interaction between the two buses, which is shown in Fig. 3. 

Interconnected microgrid controller

Equivalent

 

Figure 3: Equivalent circuit model of interconnected bus bars 

According to Kirchhoff's law, the expression for the current flowing from bus i  to bus j : 
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Considering the ability of the interconnection controller to power interaction between buses, its current iI  is 

decomposed into 1
iI  and 2

iI , i.e., 1 2
i i iI I I  , where the current due to the difference in potential of the two buses 

without considering the interconnection controller is 1
iI  expression : 
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Therefore, the expression for the influence current 2
iI  of the interconnection controller: 
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where j iI I  , and identically: 
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Let Z R jX  , which simplifies to: 
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where , ,i j bU U U  are the voltages at the i th and j th bus terminals and the interconnection controller, respectively; 

The ,i jI I  are the currents flowing from the bus i  and j  to the feeder, respectively; , bR R  are the resistances of 

the feeder and controller, respectively; , bX X  are the reactances of the feeder and controller, respectively. Where 

let ( ) ( )T bb bbZ R R j X X    , the power injection model can be expressed: 
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Similarly, the bus j  can be injected with active and reactive power: 
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where , , ,i i j iP Q P Q  are the active and reactive power injected into bus i  and bus j , respectively: ,,
bZ    are 

the real-time phases, respectively, Davignan equivalent circuit phase, and interconnection controller phase; 
, ,i j b    are the phase angles of bus i , bus j , and interconnection controller, respectively. 

 
II. C. 2) Interconnected microgrid hierarchical control structure 
The control strategy for the stable operation of the multi-microgrid distribution system is divided into two parts, 
mainly containing the micro-source control level and the microgrid control level. Micro-source control refers to 
maintaining the stable operation of the system through the output power control of distributed power sources to 
guarantee the stability of the system frequency and voltage. Microgrid control level refers to the power scheduling 
control strategy between interconnected microgrids and microgrids and power grids, which realizes the power 
exchange between microgrids through the central control center (MGCC), and the basic unit of control is the 
microgrid system, and the control methods can be divided into four control strategies: multi-agent control, peer-to-
peer control on the microgrid level, master-slave control on the microgrid level, and hierarchical control on the 
microgrid level. The traditional multi-microgrid double-layer or three-layer control system is the normal operating 
state to the economy as the goal, reasonable scheduling of power flow between the microgrid and the main grid, to 
overcome the uncertainty of renewable energy generation fluctuations, improve the utilization rate of new energy 
power generation, and achieve the optimal scheduling of the power of the multi-microgrid system. 

III. Dynamic modeling and simulation of flexible interconnected microgrids 
Through the theoretical analysis of the intelligent algorithm-driven flexible interconnection topology design and 
stability strategy in Chapter 2, in order to verify its applicability under actual complex working conditions, this chapter 
further constructs a dynamic model of flexible interconnection microgrid and carries out a multi-scenario operation 
verification based on the simulation experimental platform, so as to comprehensively evaluate the dynamic 
response characteristics and steady state performance of the proposed topology and control strategy. 
 
III. A. Microgrid modeling 
The load parameters are shown in Table 1. The flexible interconnected microgrid system constructed in this paper, 
the voltage level of 380V, frequency of 50Hz microgrid through a step-up transformer connected to the 10kV medium 
voltage distribution network, in which the transformer wiring form of Dynll, capacity of 400kVA, the transformer 
secondary side winding neutral point by 30 resistance grounding. The wiring of the power lines are three-phase 
four-wire system, the type of line is divided into six categories: node 1 to node 9 of the line between the line for the 
line type, the distance between the two neighboring nodes for 35m; node 3 and node 12 of the line between the line 
for the line type two, the distance between the two neighboring nodes for 20m; node 3 to the load, node 12 to the 
load, node 5 to the load, as well as nodes 2 and 9 to the load of the lines are line three, line four, line five and line 
six types, respectively. The neutral line resistance value Rneural, which is not labeled in the line parameters, is the 
same as the phase impedance Rph+jXph. There are six access loads in the microgrid, and the loads are set as 
three-phase balanced loads to simplify the system model. 

Table 1: Micro network load parameters 

 Access node Active load (kW) Reactive load (kvar) 

Load 1 L1 100 50 

Load 2 L2 150 100 

Load 3 L3 150 100 

Load 4 L4 100 50 

Load 5 L5 150 100 

Load 6 L6 200 120 
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III. B. Simulation experiment analysis 
Based on the detailed model of the flexible interconnected microgrid established in Section 3.1, this section analyzes 
the dynamic behavior of the system under different scheduling strategies and operating states, including day-
ahead/intra-day optimized scheduling and steady-state operation scenarios, through simulation experiments to 
quantitatively assess the flexibility and robustness of the designed topology. 
 
III. B. 1) Analysis of day-ahead and intra-day scheduling 
An energy management strategy analysis is conducted for the AC and DC multi-distribution feeder flexible 
interconnection system dispatch center. The system consists of three AC lines and one DC line, which are 
interconnected by three flexible interconnection devices (FIDs) with capacities of 150kW, 120kW, and 100kW; one 
photovoltaic power plant (PV) with a generating capacity of 80kW; and two battery energy storage (BES) with 
capacities of 50kW and 30kW, respectively; Includes a variety of loads such as non-adjustable loads (important 
loads), interruptible loads, and leveling loads. 

The daily forecast, intraday forecast and actual measured values of light intensity are shown in Figure 4. The 
green segment dashed line is the day-ahead prediction, the purple dot-dashed line is the intraday prediction, and 
the orange solid line is the actual measurement. 

 

Figure 4: The pre-day, intra-day predicted value and actual value of light intensity 

It can be seen that the error between the predicted value and the actual measured value is not high, and the 
accuracy of PV power prediction reaches more than 90%, in which the error of intraday prediction value is smaller 
than that of the prediction value before the day, with the accuracy of intraday prediction reaching 98.86%, and the 
accuracy of prediction before the day is 93.14%, and the PV prediction error is large for the noon time as well as 
the sunset time from 16:00 to 18:00. 

In accordance with the energy management method, the dispatch of controllable loads such as interruptible loads 
and leveling loads is determined through the day-ahead optimal dispatch and passed to the intraday optimal 
dispatch succession, and the resulting day-ahead forecasts of only interruptible loads and leveling loads and other 
controllable loads are shown in Fig. 5. 

 

Figure 5: Day ahead forecast of controllable load 
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From the day-ahead forecasts of controllable loads, interruptible load 1 stays under 50kW of load power from 
6:00-17:00, interruptible load 2 and interruptible load 3 stabilize under 20kW and 35kW from 15:00-20:00 and 10:30-
17:30, respectively, and pannable load 4 stays under 30kWkW of load power from 6:00-15:00 under the load power, 
and panable loads 5 and 6 stabilized at 25kW and 15kW from 13:30-18:30 and 11:30-18:30, respectively. 

In addition the day-ahead forecast, intraday forecast and actual measured values of the non-adjustable loads 
(significant loads) are shown in Fig. 6. 

 

Figure 6: The pre-day, intra-day predicted and actual measured value of important load 

The actual measured values of non-adjustable significant loads can be visualized in Fig. 6, and the accuracy of 
the predicted values regarding significant loads is also high, with 86.18% accuracy for the day-ahead predicted 
values and 96.34% accuracy for the intraday predicted values. 

 
III. B. 2) Steady-state operation state simulation analysis 
After completing the simulation analysis of the day-ahead and intraday scheduling strategies, in order to further 
verify the reliability of the microgrid system in long-term stable operation, this section conducts the simulation of the 
network voltage, current, and the output characteristics of the distributed power sources (DGs) under the steady 
state condition, which reveals the comprehensive performance of the system in the grid-connected mode. 

The simulation analysis is carried out on the built simulation model of the microgrid system, and the simulation 
time is set to 5 s, and the step size is set to 10 us.Since the microgrid is in the grid-connected state, the frequency 
and voltage of the system are supported by the large power grid. Therefore, it is set in this paper that the battery as 
the main energy storage unit does not participate in power regulation in the grid-connected state of the microgrid. 
The simulation of the microgrid in stable operation state includes: the voltage and current at the network side; the 
grid-connected state of the combined PV battery system, PV power generation system, fuel cell, and wind power 
generation system, as well as the power output. 

When the microgrid adopts the grid-connected operation mode, the DG connected to the microgrid does not need 
to bear the power fluctuation of the microgrid system. Therefore, the DGs within the microgrid system all use the 
PQ control mode to produce power according to the given power. Figures 7, 8, 9 and 10 show the power output 
curves of the combined PV storage and chemical pond system, PV power generation system, fuel cell and wind 
power generation system, respectively. 

 

Figure 7: output power curves of combine system 
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Figure 8: output power curves of PV system 

 

Figure 9: output power curves of SOFC system 

 

Figure 10: output power curves of PV system 

From the power curves of each DG within the microgrid system at steady state in the above figure, it can be seen 
that each DG needs to run for a period of time to reach steady state, and the time to reach steady state varies due 
to the different operating characteristics of each DG. Among them, the PV battery combined system reaches steady 
state after 1s, and the effective power P and ineffective power Q are stabilized between 100kW and 0kW, 
respectively; the PV power generation system reaches steady state after 0.5s, and the effective power P and 
ineffective power Q are stabilized between 95kW and 0kW, respectively; the fuel cell reaches steady state after 
0.3s, and the effective power P and ineffective power Q are stabilized between 50kW and - 30kW; the wind power 
generation system reaches steady state after 4s. Eventually, the output power of each DG is stabilized, and the 
simulation results at the steady state of the microgrid system verify the accuracy and validity of the microgrid system 
modeling. 
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IV. Conclusion 
In this paper, the stability and flexibility challenges of new energy access in low-voltage distribution networks are 
systematically solved through intelligent algorithm optimization and flexible interconnection technology. The 
honeycomb active distribution network (HADN) realizes power mutual backup between microgrid clusters through 
SPIES, the fault isolation time is shortened to milliseconds, and the new energy local consumption rate is increased 
to more than 85%. Under the hierarchical control system, the VSC-based power interaction controller supports the 
cooperative operation of multiple microgrids, and the simulation shows that the system can still maintain the voltage 
deviation <2% and the frequency fluctuation <0.1 Hz under the complex perturbation.The accuracy of PV power 
prediction of the proposed method is as high as 98.86% (intra-day), and the various DGs stabilize quickly in the 
steady state operation (up to 4 seconds for the wind system), and the accuracy of the important load prediction is 
as high as 96.34%, which verifies the practicality and reliability of the model. 
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