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Abstract. To improve the quality and output efficiency of multi-master-slave
hybrid operation, a coordinated control technology of multi-master-slave hybrid
operation based on closed-loop error regulation in VANET environment is
proposed. The constraint parameter model of multi-master-slave hybrid coor-
dinated control is constructed, and the DC voltage stabilizing capacitance, DC
voltage outer loop gain, interharmonic oscillation and electromagnetic loss are
taken as the constraint parameters. An input-output closed-loop control system
for multi-master-slave hybrid operation of power grid is constructed, and the
internal loop feedback adjustment method is used to compensate the inter-
harmonic output error. The steady state regulation method of open circuit
voltage and short circuit current is used to realize the adaptive identification of
control constraint parameters, and the coordinated control of multi-master-slave
hybrid operation of power grid is realized. The simulation results show that this
method can effectively realize the multi-master-slave coordinated control in
VANET environment, increase the output efficiency of the power grid, and
improve the output quality and gain of the power grid control.
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1 Introduction

With the development of large power grid distribution network technology, the scale of
power grid in our country is increasing. Through the mixed operation of multi-master-
slave power grid, all-weather, large area and fully covered power supply can be real-
ized, and in the multi-master-slave hybrid operation of power grid [1]. The high voltage
power supply and multi-terminal input and output control methods are used for power
input and distribution, and the optimized multi-master-slave hybrid coordinated control
method is used for the output power regulation and node distributed design of the
power grid, so as to improve the output efficiency of the power grid. Reduce the power
loss and promote the energy saving and efficiency of the multi-master-slave hybrid
operation of the power grid. It is of great significance to study the coordinated control
technology of multi-master-slave hybrid operation in order to improve the operation
stability of power grid and the gain of DC voltage outer loop, and to reduce the power
loss. The research of related control technology has attracted great attention [2].
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The research on energy saving, quality improvement and efficiency control tech-
nology of power grid distribution network is based on the optimal configuration and
adaptive adjustment of power grid parameters. The multi-master-slave hybrid operation
of power grid is affected by small disturbance and output steady-state error. As a result,
the stability of the control is not high. The optimization of control technology was
studied in the relevant literature. In reference [3], a multi-master-slave hybrid coordi-
nated control method based on fuzzy PID control technology is proposed. The pro-
portional resonance control technology is used to optimize and adjust the parameters of
multi-master-slave hybrid operation to improve the output voltage gain and power gain,
but the control algorithm can not effectively suppress the small disturbance interfer-
ence, and the steady-state error of the control output is high. In reference [4], a
coordinated control technology of multi-master-slave hybrid operation based on
adaptive feedback regulation is proposed. The inertia link is used for analog output
compensation control, and the differential evolution method is combined with the
energy saving control of the power grid to improve the control stability. However, the
computational overhead of this method is large and the real-time control is not good.

In order to solve the above problems, a coordinated control technology of multi-
master-slave hybrid operation based on closed-loop error regulation in VANET envi-
ronment is proposed in this paper. The constraint parameter model of multi-master-
slave hybrid coordinated control is constructed, and the DC voltage stabilizing
capacitance, DC voltage outer loop gain, interharmonic oscillation and electromagnetic
loss are taken as the constraint parameters. An input-output closed-loop control system
for multi-master-slave hybrid operation of power grid is constructed, and the internal
loop feedback adjustment method is used to compensate the inter-harmonic output
error. The steady state regulation method of open circuit voltage and short circuit
current is used to realize the adaptive identification of the control constraint parameters
and the control optimization is realized. Finally, the simulation experiment is carried
out. The advantages of this method in improving the coordinated control performance
of multi-master-slave hybrid operation are shown.

2 Multi-master-slave Hybrid Operation Modeling
and Controlled Object Description of Power Grid

2.1 Analysis of Control and Confined Parameters for Multi-master
and Master-Slave Hybrid Operation of Power Grid

In the multi-master-slave hybrid operation of the power grid, the DC/AC inverter
model is mainly used to stabilize the voltage transmission and power output control,
and the inner loop control model is used to construct the controlled object model of the
multi-master-slave hybrid coordinated control of the power grid [5]. In order to realize
the optimal control of multi-master-slave hybrid operation, the constrained parameter
model of power grid control is analyzed. The output power coefficient of power grid in
multi-master-slave hybrid operation is kf , and the power modulation coefficient of
voltage distribution in power grid is Br. The magnetic density of the controller per-
manent magnet is as follows:
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Bg ¼ Fm

Ag< ð1Þ

Wherein, Fm is the three-phase current base on the grid side, Ag is the additional DC
voltage stabilizing capacitance, < is the DC voltage outer loop gain of the power grid,
and when the power grid is in the steady state, the DC voltage stabilizing capacitance
and the DC voltage outer loop gain of the power grid are taken as the DC voltage
stabilizing capacitance and the DC voltage outer loop gain of the power grid. The
interharmonic oscillations and electromagnetic losses are constraint parameters, and
each constraint parameter can be estimated as follows:

Fm ¼ Brlm
l0lr1

ð2Þ

Ag ¼ ls
bp
p
ðrr þ lgÞ ð3Þ

The DC voltage stabilizing capacitance and electromagnetic loss are added to the
grid side, and the PI control method is used to describe the output electromagnetic gain
in the d, q axis distributed at the distribution network nodes.

< ¼ 1
l0lsbp=p

ð 1
lr1

Z rr

rr�lm

dr
r
þ

Z rr þ lg

rr

dr
r
þ 1

lr2

Z rr þ lg þ lw

rr þ lg

dr
r
Þ ð4Þ

The vacuum permeability l0 ¼ 4p� 10�7, lr1 and lr2 of the multi-master-slave
hybrid operation of the power grid represent the transmission loss and output efficiency
of the multi-master-slave hybrid operation of the power grid. When the power grid is in
the steady-state operation state of the whole network, the steady-state error is intro-
duced [6]. The distribution of control constraint parameters for multi-master-slave
hybrid operation of power grid is obtained as follows:

Lx ¼ ð1� k2ÞL11 ð5Þ

Lmx ¼ k2L11 ð6Þ

nx ¼ k

ffiffiffiffiffiffiffi
L11
L22

r
ð7Þ

The power loss of the distribution network running at the resonance point is as
follows:

Bg ¼ Brlm
ðrr þ lgÞ lnðrr þ lg þ lw

rr�lm
Þ

ð8Þ
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Considering the influence of magnetic flux leakage coefficient k1 and current loop
kb, energy saving compensation control is carried out by adaptive feedback adjustment.
Through the above analysis, the constraint parameter model of coordinated control of
multi-master-slave hybrid operation of power grid is constructed, which provides the
model constraint conditions for the design of control algorithm [7].

2.2 Description of the Controlled Object

On the basis of the above control constraint parameter model, the DC/AC inverter
model is used to construct the input and output network structure model of multi-
master-slave hybrid operation, as shown in Fig. 1.

According to the input and output model given in Fig. 1, the controlled object
model of multi-master-slave hybrid operation of power grid is constructed. Ts is used to
represent the sampling time of current parameters in distribution network, and 1

1þ sTs
is

used to represent the control delay of multi-master-slave hybrid operation of power
grid. id ref represents the reference values of active current and reactive current in
multi-master-slave hybrid operation of power grid, respectively. Ls represents the
inductance on the grid side, Gcuur d sð Þ, Gcuur q sð Þ indicate the current component of
the inner loop operating grid on the d, Q axis, GS indicates the winding size, and R
represents the current component of the inner ring operating on the d, q axis. id ref is
used to describe the power gain of d axis and q axis in multi-master-slave hybrid
operation of power grid. Under the condition of small disturbance [8], the output torque
and gain adjustment coefficient of the controller are expressed as follows:

Tem ¼ pkf kck1kbBrlmlslwð2rr þ 2lg þ lwÞJcu
lnðrr þ lg þ lw

rr�lm
Þ

ð9Þ

k1 ¼ 1� 1

0:9½rr=ðbpðlg þ lwÞÞ�2 þ 1
ð10Þ

Based on the analysis of the constraint parameters of the above large electrical
equipment controller and the description of the controlled object, the modulation gain
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Fig. 1. Input and output structure block diagram of multi-master-slave hybrid operation in
power grid
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system function of the inner loop control of the multi-master-slave hybrid operation of
the power grid is obtained as follows:

G1 sð Þ ¼ 1
1þ 0:5sTSW

ð11Þ

Wherein, s represents the reference voltage and Isd ref represents the current
component on the outer loop of the distribution network, TSW ¼ 1=fSW , the control
object model of improving quality and increasing efficiency in multi-master-slave
hybrid operation of power grid is constructed, and the control optimization by
parameter adjustment and model identification is realized [9].

3 Control Algorithm Optimization

On the basis of the above construction of the constrained parameter model and the
controlled object model of the multi-master-slave hybrid coordinated control of the
power grid, the optimal design of the distribution network control is carried out. In this
paper, a coordinated control technology of multi-master-slave hybrid operation based
on closed-loop error regulation in VANET environment is proposed [10]. The equiv-
alent circuit model of multi-master-slave hybrid operation of power network is con-
structed by using T-type equivalent circuit analysis method, as shown in Fig. 2.

According to the equivalent circuit model given in Fig. 2, an input-output closed-
loop control system for multi-master-slave hybrid operation of power grid is con-
structed, and the output voltage E ¼ vl� B of power grid is assumed. If the instan-
taneous current v ¼ rxr and resistance are r ¼ rr þ lg, power factor B ¼ kbk1Bg,
induction inductor l ¼ lskf kcAw=Ac, the energy function of multi-master-slave hybrid
operation of power grid is as follows:

E ¼ ðrr þ lgÞkbk1Bgxrlskf kcAw

Ac
ð12Þ

( )iV t ( )oV t

pC pR lpL sCsR lsL

mL
eqR
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Fig. 2. Equivalent circuit model
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The internal loop feedback adjustment method is used to compensate the inter-
harmonic output error [11], and the parameter adjustment function is described as
follows:

Gcuur d sð Þ ¼ KP1sþK11

sG1 sð Þ ð13Þ

Gcuur q sð Þ ¼ KP2sþK12

sG1 sð Þ ð14Þ

Wherein, KP1, K11, KP2, K12 are used to describe the dq axis components of the
output current adjusted by steady state in the process of multi-master-slave hybrid
operation. Because the controller parameter KP1, K11, KP2, K12 are unknown, according
to the Lyapunov functional, the steady-state error convergence value of multi-master-

slave hybrid operation of power grid satisfies
Y11 Y12
YT
12 Y22

� �
� 0;N ¼ N1

N2

� �
; M ¼

M1

M2

� �
; under the constraint of model parameters. The fitness function of improving

quality and increasing efficiency in multi-master-slave hybrid operation of power grid
can be described as follows:

Finner dq ¼
XM
k¼1

F idq kð Þ � idq cal kð Þ�� �� ð15Þ

Similarly, by using the steady state regulation of open circuit voltage and short
circuit current [12], the fitness function of the outer loop controller with multi-master-
slave hybrid operation can be described as follows:

Fouter dq ¼
XM
k¼1

F id kð Þ � id cal kð Þj j ð16Þ

The idq represents the gain of the inertia phase, and finally the objective function of
the coordinated control of the multi-master and slave hybrid operation of the power
grid can be described as:

F ¼
XM
k¼1

e kð Þj jGeq sð Þ ð17Þ

Wherein, Geq sð Þ is the constraint function of three-phase control on the parallel
side. Based on the above treatment, the steady-state regulation method of open-circuit
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voltage and short-circuit current is used to realize the adaptive identification of the
control constraint parameters. The coordinated control of multi-master-slave hybrid
operation of power network is realized.

4 Simulation Experiment and Performance Analysis

In order to test the application performance of the method to improve the quality and
efficiency control in the multi-master and slave hybrid operation of the power grid, the
simulation experiment is carried out, the experimental software platform is established
on the MATLAB 7.0, the value of the permanent magnetic density of the distribution
network transmission is between 1.2 and 2.3, the initial value of the electric loss is
1.24 Kw/h, The torque output of the multi-master-slave hybrid operation of the power
grid is 10 N.m, the distance of the distribution network transmission coil is increased
from 50 to 100 cm, the magnetic resonance resistance of the distribution network coil
is SF, and the frequency of the voltage conversion is Rp1 ¼ 45 X, f ¼ 27:05 MHz,
Cr ¼ 14:6 pF, Ro ¼ 30 X and the output of the optimized control variable is shown in
Table 1.

According to the above control parameter optimization design, the power grid
multi-slave hybrid coordination control benefit analysis is carried out, the output power
and the efficiency of the power grid are tested, and the results are as shown in Fig. 3.

Table 1. Optimal control variables for efficiency control of multi-master-slave hybrid operation
system in power grid

Variable name Lower limit Superior limit Optimization result

p 2 6 4
b 0.34 0.67 0.42
lmðmÞ 0.045 0.065 0.053
lyðmÞ 0.034 0.089 0.046
lwðmÞ 0.043 0.065 0.087
lgðmÞ 0.013 0.026 0.057
rrðmÞ 0.021 0.134 0.323
k 0.312 0.123 2.53
Ac 0.523 1 2.0

494 C. Song



The analysis of Fig. 3 shows that the proposed method has good output power,
high efficiency and good tracking and matching effect between the actual value and the
theoretical value, which shows that the proposed method has a good performance of
improving quality and increasing efficiency. By comparing different methods, the
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(a) Power test of multi-master-slave hybrid operation in power grid
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(b) Efficiency test of multi-master-slave hybrid operation in power grid

Fig. 3. Multi-master-slave hybrid operation of power grid
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results of control performance comparison are shown in Fig. 4. Analysis of Fig. 4
shows that the proposed method achieves multi-master-slave hybrid coordinated con-
trol of power grid, and the output quality of parameters is high, which improves the
output efficiency of power grid. It shows that the control quality of the proposed
method is high.

5 Conclusions

In the multi-master-slave hybrid operation of the power grid, the high-voltage power
supply and multi-terminal input and output control methods are used for power input
and distribution, and the steady-state error of voltage output is affected by the multi-
master-slave hybrid operation of the power grid. In order to improve the quality and
output efficiency of multi-master-slave hybrid operation, a coordinated control tech-
nology of multi-master-slave hybrid operation based on closed-loop error regulation in
VANET environment is proposed in this paper. The control constraint parameters are
analyzed, and the input and output closed loop control system of multi-master-slave
hybrid operation is constructed. The internal loop feedback adjustment method is used
to compensate the inter-harmonic output error, and the coordinated control of multi-
master-slave hybrid operation of power grid is realized. Increase DC voltage outer loop
gain and output voltage. The research results show that the multi-master-slave hybrid
coordinated control of power grid is carried out in this paper, and the output quality of
parameters is high, which increases the output efficiency of power grid and improves
the quality of power grid control, so it has good application value.
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