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Abstract—A distributed active and reactive power control 

(DARPC) strategy based on the alternating direction method of 
multipliers (ADMM) is proposed for regional AC transmission 
system (TS) with wind farms (WFs). The proposed DARPC 
strategy optimizes the power distribution among the WFs to 
minimize the power losses of the AC TS while tracking the active 
power reference from the transmission system operator (TSO), 
and minimize the voltage deviation of the buses inside the WF 
from the rated voltage as well as power losses of the WF collection 
system. The optimal power flow (OPF) of the TS is relaxed by 
using the semidefinite programming (SDP) relaxation while the 
branch flow model is used to model the collection system of the 
WF. In the DARPC strategy, the large-scale strongly coupled 
optimization problem is decomposed by using the ADMM, which 
are solved in the regional TS controller and WF controllers in 
parallel without loss of the global optimality. The boundary 
information is exchanged between the regional TS controller and 
WF controllers. Compared to the conventional OPF method of the 
TS with WFs, the optimality and accuracy of the system operation 
can be improved. Moreover, it efficiently reduces the computation 
burden of the system controller and eliminates the need of a 
central controller. The protection of the information privacy can 
be enhanced. A modified IEEE 9-bus system with two WFs 
consisting of 64 wind turbines (WTs) is used to validate the 
proposed DARPC strategy. 
 

Index Terms—Alternating direction method of multipliers 
(ADMM), distributed active and reactive power control (DARPC), 
OPF, semidefinite programming (SDP), wind farm. 
 

I. INTRODUCTION 

IND power has been continuously developing due to the 
increasing demand of renewable energy and low-carbon 

energy policy [1]. With the wind power penetration increasing, 
the wind power fluctuations and the interaction between large-
scale wind farms (WFs) and power systems have introduced 
several technical challenges, e.g., the optimal power allocation, 
voltage regulation and coordination for the AC transmission 
system (TS) with WFs [2]. 

Optimal power flow (OPF) has been widely used to solve the 
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operation problem of the power system connected WFs. There 
are a number of papers on OPF-based optimal operation of the 
power system with WFs [3]-[7]. In [3], a multi-period OPF 
model was formulated to minimize the operating cost in the grid 
with offshore WFs. In [4], an OPF-based optimal generation 
schedule was proposed to minimize the total system cost and 
operate the system securely with wind power. In [5], an 
extended OPF model was used to minimize the generation cost 
of thermal units and wind units in the power system with WFs. 
In [6], a multi-objective stochastic OPF model was formulated 
to reduce the operating cost, emission and enhance the voltage 
stability in the power system with significant wind penetration. 
In [7], an optimal reactive power dispatch strategy based on 
OPF was proposed to minimize the voltage stability index in a 
wind power integrated power system. 

For the WF control, the conventional strategy is the 
proportional distribution (PD) control scheme. The active and 
reactive power references of wind turbines (WTs) are 
proportionally distributed according to the available wind 
power, which is easy to implement [8]. However, the PD 
control scheme cannot achieve optimal power distribution 
inside the WF. Several optimization-based dispatch methods 
have been developed to overcome the disadvantage of the PD 
scheme and achieve better control performance of the WF. In 
[9], an optimal power dispatch method was proposed to reduce 
the production cost and maximize the active power production 
of the WF. In [10], an optimal active power dispatch strategy 
was proposed to reduce fatigue loads in WFs with distributed 
energy storage systems (ESSs). In [11], an optimal reactive 
power dispatch method was developed to minimize the total 
losses in the WF. 

With the WF expanding both in size and number, if the system 
operator tries to solve a global optimization problem of the WFs 
with the TS, it may be difficult to solve a large-scale OPF-based 
optimization problem with large-scale constraints in seconds. 
In order to meet the needs of fast calculation of WF dynamic 
control with strong fluctuations in wind speed, the alternating 
direction method of multipliers (ADMM) has been applied to 
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reduce the computation burden and communication burden of 
the controller [24], [25]. The ADMM-based optimization 
methods have been widely used in the WF optimal control [8], 
[12]-[15]. In [8], an ADMM-based two-tier active and reactive 
power control scheme was proposed to achieve the optimal 
voltage regulation inside the WF cluster. In [12], an ADMM-
based voltage control method was proposed for the large-scale 
WF cluster to coordinate the reactive power output among 
several WFs and WTs inside each WF. In [13], a model 
predictive control method based on ADMM was proposed to 
minimize voltage deviations and reactive power output 
fluctuations of WTs inside WFs. In [14], an ADMM-based 
optimal active power control method was proposed for 
synthetic inertial response of large-scale WFs. The aim is to 
minimize the differences in the rotor speed of the WTs and the 
wind energy loss. 

In the existing studies, there is no study on the optimal power 
control for the regional TS with WFs while considering the 
voltage regulation and power loss management inside WFs. 
With the WF and TS expanding both in size and number, the 
large amount of wind power from the large-scale WF cluster 
has to be transported to the bulk power system through a 
meshed transmission grid. The coordination of the TS and WFs 
is necessary to achieve optimal operation of the whole system. 
Therefore, this paper proposes a distributed active and reactive 
power control (DARPC) strategy based on ADMM for the 
regional TS with WFs. The proposed strategy aims to achieve 
the global optimal power control of the regional TS with WFs 
to minimize the total power losses while meeting the TSO 
requirements for active power demand, and regulate bus 
voltages inside each WF within a feasible range. The ADMM 
method is used to decompose the large-scale optimization 
problem. The non-convex OPF problem of the TS is relaxed by 
using semidefinite programming (SDP) relaxation and Schur’s 
complement [18]. Meanwhile, the branch flow model [2] is 
used to formulate the optimization problem of the WF. With the 
proposed DARPC strategy, the TS and WF controllers operate 
in parallel to solve the optimization problem in a distributed 
manner without loss of global optimality. 

The main contribution of this paper can be summarized as 
follows: 

1) A DARPC strategy is developed for the TS with WFs, 
which can achieve the global optimal power distribution and the 
voltage regulation for the coupled TS and WFs. The DARPC 
can achieve a better control performance among the TS and 
WFs. 

2) The SDP relaxation and Schur’s complement are adopted 
for the TS while the branch flow model is adopted for the WFs, 
which handle the inherent non-convexities of the OPF problem 
of the coupled TS and WFs. Thus, the original problem is 
transformed into a convex problem and can be solved using the 
ADMM framework while guaranteeing the global optimal 
solution.  

3) The ADMM-based DARPC strategy eliminates the 
requirement of the central controller and distributes the system 
computation task to several controllers to reduce the 
computation burden, implying the better scalability. The 

exchanged information between the TS controller and WF 
controllers only includes the global, local and dual variables of 
the boundary nodes, which improves the protection of the 
information privacy. 

The rest of this paper is organized as follows. Section II 
presents an overview of the proposed DARPC strategy. The TS 
optimization model and the WF optimization model are 
formulated in section III and IV, respectively. The distributed 
solution method based on the ADMM is described in section V. 
The simulation results and the discussion are presented in 
section VI, followed by the conclusions. 

II. CONTROL STRATEGY ARCHITECTURE  

A. System Configuration 

Figure 1 shows the configuration of AC transmission system 
connected WFs. Two WFs are connected to a modified IEEE 9-
bus system. In the TS, Bus 1 is connected to the 345 kV external 
power system, and WF1 and WF2 with the nominal power 
rating of 160 MW are connected to Buses 2 and 3, respectively. 
Each WF is composed of two sections and each section has a 
medium voltage (MV) bus. The MV bus is located next to the 
155/33 kV substation transformer. Each 33 kV feeder consists 
of 8 × 5 MW WTs, which are arranged with 4 km away from 
each other. 

 
Fig. 1.  System configuration.  

 
Fig. 2.  Concept of proposed strategy. 

B. Concept of Proposed Strategy  

Figure 2 shows the structure of the proposed strategy. The TS 
and each WF are equipped with a controller. The whole system 
operates in a distributed manner by using the ADMM to achieve 
the global optimal power distribution. The TSO sends the 
command to the TS controller. The TS controller solves the 
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optimization problem of the TS to minimize the power losses 
of the TS and track the active power command from the TSO. 
Meanwhile, each WF controller generates WT power output 
references to improve the voltage regulation performance and 
minimize power losses. The boundary information is 
exchanged between the TS controller and WF controllers 
through the communication network. With part of calculation 
distributed to each WF controller, the large-scale constrained 
optimization problem is decomposed and the calculation burden 
can be significantly reduced without loss of the global 
optimality. 

III. TRANSMISSION SYSTEM OPTIMIZATION MODEL  

A. Objective Function and Constraints 

1) Objective function of TS 
The objective function is to minimize the total power losses 

in the TS, which is equal to the total active power generation of 
WFs minus the total load of the TS. It can also be expressed as 
the summation of the injected active power into all the buses of 
the TS. Denoting z* as the conjugate of an arbitrary complex 
number z. Thus, the total power losses can be expressed as, 

 
TS

TS

Loss
TS WF D

*

( )

Re{ }

i i
i

i i
i

Obj P P

V I





 










 (1) 

where PWFi
 is the power output of the i-th WF which is 

connected to the i-th terminal bus in TS directly; If the bus i is 
not associated with WF, then PWFi

 = 0; PDi
 denotes the active 

load at bus i, Vi and Ii are the voltage and current associated 
with bus i, respectively, and TS is the set of buses in TS. 

2) Constraints of TS 
The OPF problem of the TS is subjected to a set of equality 

and inequality constraints. The equality constraints consist of 
the active/reactive power balance equations, 
 *

WF D TSRe{ }
i i i iP P V I i     (2) 

 *
WF D TSIm{ }

i i i iQ Q V I i     (3) 

where QWFi
 is the reactive power output of the i-th WF; If the 

bus i is not associated with WF, then QWFi = 0. 
The inequality constraints are, 

 min max
WF WF WFi i i

P P P   (4) 

 min max
WF WF WFi i i

Q Q Q   (5) 

 min max
i i iV V V   (6) 

 max
lm lmS S  (7) 

where |Vi| is the voltage magnitude of the i-th terminal bus, Slm 
is the apparent power flow through the transmission line from 
bus l to bus m, PWFi

min , PWFi
max, QWFi

min , QWFi

max, Vi
min and Vi

max are the 

lower and upper bounds on the i-th WF active/reactive power 
outputs, and the i-th terminal bus voltage, respectively; and 
Slm

max is the maximum value of the apparent power flow through 
the transmission line (l, m). 

B. Convex Relaxation of Optimal Power Flow of TS 

In this section, the semidefinite relaxation of the OPF problem 
of the TS is introduced. With the SDP relaxation applied, the 
non-convex OPF model of the TS can be transferred to a convex 
model and then solved under ADMM framework while 
guaranteeing the global optimal solution. Let matrix YTS 
denotes the admittance matrix of TS. For k ∈TS  and 
(l, m) ∈ Line , ek is the k-th basis vector in R |TS| , 𝑒  is its 
transposed vector, and Yk = ekek

TYTS . The π model of the 
transmission line (l, m)  is applied. 𝑦  and 𝑦  are used to 
denote the value of the series and shunt sectors of the line (l, m), 
respectively [17]. Then 𝑌 𝑦 𝑦 𝑒 𝑒 𝑦 𝑒 𝑒  is 
defined, which can be expressed as follows, 

                 

TS TS

0 0 0 0

0 ( ) ( ) 0

0 0 0 0

lm lm ll lm lmlm
Y y y y

 ´

é ù
ê ú
ê ú
ê ú
ê ú= + -ê ú
ê ú
ê ú
ê ú
ê úë û

  
   

  
   
  

  

In order to present the OPF of the TS in SDP form, the 
matrixes are defined as [17], [19], 
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The real and imaginary sectors of the complex bus voltage 
vector 𝑉 𝑉 , 𝑉 , ⋯ , 𝑉 |TS| is used to define 2 TS

1-dimensional variable vector 𝑋 , 

TSTS TS TS 2 1[Re{ } Im{ } ]T T TX V V    

Then, the OPF formulation of the TS (1)-(7) with complex 
variables where the 𝑉∗𝑉  can be substituted with a complex 
2 TS 2 TS -dimensional matrix 𝑊 , 𝑊 𝑋 𝑋 . Then 
the original complex formulation can be split into the real and 
imaginary parts [17]. 

Tr 𝑀  is used to represent the trace of an arbitrary square 
matrix Ma. Then, the following (8)-(11) can be used to 
reformulate the objective function (1) and the constraints (2)-(7) 
with the new variable matrix 𝑊 , 

 *
TSRe{ } Tr{ }k kV I W TS

kY  (8) 

 *
TSIm{ } Tr{ }k kV I W

k

TSY  (9) 

  2

TSTr{ }kV W TS
kM  (10) 

 2 2 2
TS TS( ) Tr{ } Tr{ }lmS W W 

TSTS
lmlmY Y  (11) 

1) Transformation of the objective function 
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To transform the objective function (1) into the SDP form, (8) 
with the new variable matrix 𝑊  is substituted into original 
function (1), 

 
TS

SDP
TS,Loss TSTr{ }

k

Obj W


  TS
kY



 (12) 

2) Transformation of the constraints 
The active/reactive power balance constraints in (2) and (3) 

can be combined with the WF active/reactive power output 
limits in (4) and (5). Then the SDP form of the power balance 
constraints in terms of the power output limits can be obtained 
by substituting (8) and (9) into (2) and (3), 

 min max
WF D TS WF DTr{ }

k k k k
P P W P P   TS

kY  (13) 

 min max
WF D TS WF DTr{ }

k k k k
Q Q W Q Q   

k

TSY  (14) 

Similarly, substituting (10) into (6), the voltage constraint can 
be transformed into the SDP form, 

 min 2 max 2
TS( ) Tr{ } ( )k kV W V TSMk  (15) 

Substituting (11) into (7), the transmission line capacity 
constraint can be presented as, 

 2 2 max 2
TS TSTr{ } Tr{ } ( )lmW W S 

TSTS
lmlmY Y  (16) 

In the SDP form, the constraints should be linear in 𝑊 . 
However, the constraint (16) is expressed as a quadratic 
constraint of matrix 𝑊 . Thus, the Schur’s complement is 
applied to transform the quadratic apparent line flow constraint 
(16) into a linear matrix inequality constraint as, 

 

max 2
TS TS

TS

TS

( ) Tr{ } Tr{ }

Tr{ } 1 0 0

Tr{ } 0 1

lmS W W

W

W

 
 
 
 
  

TSTS
lmlm

TS
lm
TS
lm

Y Y
Y
Y

  (17) 

At the same time, the non-convex constraint 𝑊 𝑋 𝑋  
can be expressed as, 
 TS 0W   (18) 

 TS( ) 1rank W   (19) 

The convex relaxation is obtained by dropping the rank 
constraint (19), transforming the non-linear, non-convex OPF 
of the TS into a convex semidefinite program [18]. If the rank 
of 𝑊  obtained from the SDP relaxation is 1, then 𝑊  is the 
global optimum of the original non-linear, non-convex OPF of 
the TS [18]. Thus, the SDP relaxation of the OPF problem of 
the TS is as follows, 

Minimize    Objective function (12) 
Subject to    Constraints (13) - (18). 

The optimization problem is implemented in MATLAB using 
the optimization toolbox YALMIP and the SDP solver MOSEK 
[19]. By solving the OPF problem of the TS in SDP form, the 
TS boundary variables of the optimal active/reactive power 
references of two WFs Tr 𝑌 𝑊 /Tr 𝑌 𝑊  and 

Tr 𝑌 𝑊 /Tr 𝑌 𝑊  are generated. These boundary 
variables can be exchanged between TS and WF controllers 
under ADMM framework. 

IV. WIND FARM OPTIMIZATION MODEL 

Since a WF has a radial topology, the power flow in the WF 
can be expressed by the linearized branch flow model [16], 
[21]-[23]. The power flow from the AC TS to the WF is defined 
as the positive direction in WF collection system, 

 ref,WF WT
WF TS WF 1 1Tr{ } ,

k k j j jW P P p P    TSY  (20) 

 ref,WF WT
WF TS WF 1 1Tr{ } ,

k k j j jW Q Q q Q    
TSY  (21) 

 
WF WF

1 WF
0

j j j j
j j

R P X Q
V V

V


   (22) 

where Tr 𝑌 𝑊 /Tr 𝑌 𝑊  and 𝑃 , /𝑄 ,  are 

the boundary optimization variables of the active/reactive 
power outputs for k-th WF processed in TS and WF controllers; 
𝑃 𝒊𝑄  is the apparent power flowing from bus j to bus j + 1, 

and (j, j + 1) ∈ Line; 𝑝  and 𝑞  are the active and reactive 
power generated by the WT associated with bus j + 1; 𝑉  is the 

voltage magnitude at bus j; 𝑅 𝒊𝑋  is the complex 
impedance between bus j and bus j + 1 ; Considering the 
capacity of each WF is much less than the TS, the bus 2 and bus 
3 can be assumed as the slack buses for two WFs, respectively; 
𝑉  is the voltage magnitude at the boundary bus associated 
with WF. 

The per unit voltage variation should also be considered, 
 min max

j j jV V V   (23) 

where Vj
min and Vj

max are generally set to 0.95 p.u. and 1.05 p.u., 
respectively. 

To minimize the power losses in each WF collection system, 
the power losses can be expressed as, 

 
WT

Loss WT ref,WF
WF WF

1

( )
k

N

j
j

Obj p P


   (24) 

The voltage variation for all buses inside WF should also be 
minimized, 

  
WF 2VD

WF rated
1

N

j
j

Obj V V


   (25) 

where NWF is the number of the buses in WF, Vrated is the rated 
voltage in WF. 

The active power output of each WT should be dispatched as 
close as possible to the PD-based reference [20], 
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PD WT ref 2
WF PD,

1

( )
N

j j
j

Obj p p


   (26) 

The PD reference is defined as, 

 
avi

WT,ref ref
PD, WFavi

WT,

j
j

j
j

P
p P
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 (27) 

where 𝑃WT,𝑗
avi  is the available wind power of the j-th WT. 

The WF optimization problem can be converted to a standard 
quadratic-programming (QP) problem and efficiently solved by 
QP solvers in milliseconds [1]. Thus, the WF optimization 
problem is as follows, 

Minimize    Objective function (24) - (26). 
Subject to    Constraints (20) - (23). 
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V. ADMM FORMULATION FOR WHOLE SYSTEM 

Considering the whole system consists of the TS and the 
several WFs with several hundreds or even thousands of WTs, 
the optimization problem of the whole system becomes a large-
scale model with the large-scale constraints. To reduce the 
computation burden, a DARPC strategy based on the ADMM 
is proposed. The whole system can be partitioned into several 
areas: the TS area and two WF areas. With the ADMM 
algorithm implemented, the calculation of the TS and the WFs 
can be decoupled. Thus, the objective functions (12) and (24)-
(26) can be distributed to the TS controller and WF controllers 
and processed in parallel while guaranteeing the global 
optimality. The optimization problem of the whole system is, 
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 WF 2
TSWF

Tr{ } ( ) 0, 1,2.kk
W V k  TSM  (29) 

where Tr 𝑀 𝑊  and 𝑉  are the square of the k-th 

boundary bus voltage processed in the TS and WF controllers, 
respectively. Thus, the argumented Lagrangian of (28) can be 
expressed as, 
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where the dual variables are defined as 𝜆   and 𝜆  for the 
objective function. The parameter 𝜌 is considered as the penalty 
for the optimization variables in the TS that differ from the 
variables in the WFs. 

The system communication network topology is shown in 
Fig. 3. 

 
Fig. 3.  The system communication network. 

The initial optimization variables and the dual variables are 
set to zero. r is defined as the step of iteration, and each iterative 
step includes the following steps: 

1) The TS controller updates and solves the optimization 
variables in the TS by using the augmented Lagrangian 
objective function with the constraints of the TS, and it updates 
the optimization variables, 
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s.t.   (13)-(18), (29). 

In (31), the augmented Lagrangian objective function is 
expressed as a quadratic function of matrix 𝑊 . However, in 
the SDP form, the objective should be linear with 𝑊 . Thus, 
the objective (32) and constraints (33)-(34) are formulated to 
represent the original augmented Lagrangian objective (31) 
using the Schur’s complement with auxiliary variables 𝛼  and 
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s.t.   (13)-(18), (29). 

where 𝑎 𝛼 𝜆 𝑃 , 𝑟 , 𝑏 𝑃 , 𝑟 ,  

          𝑎 𝛼 𝜆 𝑄 , 𝑟 , 𝑏 𝑄 , 𝑟 . 

2) After updating the optimization variables in the TS, each 
WF controller solves its augmented Lagrangian problem with 
the constraints of the WF in parallel, and updates the 
optimization variables. For the k-th WF controller, 
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These two sub-optimization problems can be solved quickly 
by using the commercial optimization solvers. 

3) Update the dual variables in the WF controllers, 
      P P ref,WF

WF WF TS( 1) ( ) [ ( 1) Tr{ }( 1)]
k kk kr r P r W r       TSY  (36) 

     Q Q ref,WF
WFWF TS( 1) ( ) [ ( 1) Tr{ }( 1)]

kkk kr r Q r W r       
TSY  (37) 

With the part of the computation tasks distributed to each WF 
controller, the large-scale constrained optimization problem is 
decomposed. For the TS controller, the computation task is to 
deal with the objective function with the constraints inside the 
TS. Considering the several WFs are connected to the TS, the 
computation burden of the TS controller can be significantly 
reduced, and meanwhile the central controller and centralized 
communication can also be eliminated without loss of global 
optimality. For each WF controller, the computation task is an 
optimization problem with the constraints inside the WF and its 
computation burden is not heavy. 

VI. CASE STUDY 

A. Test System 

The WFs with 64 × 5 MW WTs with a modified IEEE-9 bus 
system are used to demonstrate the performance of the proposed 
DARPC strategy. For the optimal control strategy, it is carried 
out every 5 s. In order to examine the performance of the 
proposed scheme, the simulation results are compared with the 
centralized active and reactive power control (CARPC) strategy 
and the ones with active and reactive power proportional 
distribution (PD) control strategy [12]. In the CARPC strategy, 
the central controller can generate the active and reactive power 
references of each WT among WFs and achieve the optimal 
control performance [8]. 

B. Control Performance 

The total simulation time is 600 s. Fig. 4 shows the available 
wind power for each WF. The available wind power fluctuates 
120-153 MW and 90-120 MW in WF1 and WF2, respectively. 
During t = 200-400 s, the available wind power gradually rises. 
After t = 400 s, the available wind power gradually decreases. 

 

 
Fig. 4.  WF available wind power. 

 
Fig. 5.  MV bus 4 voltage in WF1.  

The MV bus voltage in WF1 is shown in Fig.5. It can be seen 
that the DARPC strategy with the ADMM has the similar 
control performance as the CARPC strategy and they can both 
effectively control the MV bus voltage within the feasible range. 
The MV bus voltage is closer to the rated value using DARPC 
or CARPC than using PD method. The MV bus voltage with 
DARPC or CARPC can be kept at 1.0019 p.u., and then 
gradually increases to 1.0250 p.u. with the active power output 
of WF1 increased by 11.10 MW during t = 200-400 s. After 400 
s, the MV bus voltage decreases slightly to 1.0140 p.u. with the 
active power output decreased by 5.00 MW. Obviously, the 
voltage value difference between the DARPC and CARPC 
strategies is very small (less than 0.0005 p.u.). Meanwhile, the 
voltages with these two strategies also exhibit the similar 
variations. 

 
Fig. 6.  WT32 terminal voltage in WF1.  

Figure 6 shows the WT32 terminal voltage performance, 
which is located at the furthest position along the feeder in WF1. 
The performance with the DARPC and CARPC strategies is 
very similar and much better than PD method. During the whole 
control period, the WT32 terminal voltage can be kept within 
1.024-1.048 p.u., while the voltage with PD method is farther 
away from the rated value. The voltage deviation with the 
DARPC or CARPC is also better than PD method. The maximal 
voltage difference between the DARPC and CARPC strategies 
is 0.00008 p.u. 
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Fig. 7.  WT1 available wind power in WF1. 

 
Fig. 8.  WT1 terminal voltage in WF1. 

 
Fig. 9.  WT1 output active power in WF1. 

 
Fig. 10.  WT1 output reactive power in WF1. 

WT1 is selected as the representative WT in WF1 to illustrate 
the performance of the WF control among three control 
strategies. In Figs. 7-10, during t = 200-400 s, the WT1 terminal 
voltage with DARPC or CARPC gradually increases from 
1.0123 p.u. to 1.0368 p.u. with the WT1 active and reactive 
power output increasing 1.37 MW and 0.2025 Mvar. The WT1 
terminal voltage is closer to the rated value, and the voltage 
fluctuation is also smaller using DARPC or CARPC than using 
PD method. Obviously, the DARPC and CARPC on the voltage 
regulation, active and reactive power output are very similar 
and show better control performance than PD method. 
 

 
Fig. 11.  WF1 output active power.  

 
Fig. 12.  WF1 output reactive power. 

The active and reactive power outputs of WF1 are presented 
in Figs. 11-12. The active and reactive power output of WF1 
with DARPC is very similar with CARPC, and different from 
the PD method. 

 
Fig. 13.  Power loss of WF1/WF2. 

 
Fig. 14.  Power loss of the whole system.  

The power losses for WF2, WF3 and the whole system are 
shown in Figs. 13-14, respectively. As these figures shown, the 
power losses with DARPC and CARPC are very similar, and 
much better than PD method. Meanwhile, compared with the 
CARPC strategy, the distributed control strategy eliminates the 
central controller and largely reduces the computation burden 
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and communication cost. Moreover, since each WF controller 
only exchanges the very little boundary information with the TS 
controller, the protection of information and data privacy is 
evidently improved. 

Figures 15-17 show the convergence performance of the 
system. The boundary information of the active and reactive 
power outputs of WF1 and WF2 are selected to illustrate the 
results. The TS and WF optimization variables with the active 
power output for WF1 and WF2 converge to the same value and 
keep steady after 13 iterations. The convergence performance 
is acceptance. As Fig. 17 shown, the TS and WF optimization 
variables with the reactive power output for WF1 and WF2 
converge to 10.46 Mvar and 14.08 Mvar in 13 iterations, which 
shows the excellent convergence performance. 

 
Fig. 15.  Convergence performance of active power output of WF1. (t=20s)  

 
Fig. 16.  Convergence performance of active power output of WF2. (t=20s)  

 
Fig. 17.  Convergence performance of reactive power output of WFs. (t=20s) 

VII. CONCLUSION 

In this paper, the DARPC strategy based on the ADMM is 
proposed for the regional AC TS with WFs. The SDP relaxation 
with Schur’s complement and branch flow model are adopted 
to address the nonconvexity and nonlinearity issues of the 

global optimal power distribution in the coupled TS and WFs. 
The ADMM is applied to decompose the large-scale strongly 
coupled optimization problem without loss of global optimality. 
The computation burden can be largely reduced with the 
DARPC strategy. Furthermore, the TS and WF controllers 
process in parallel only with the limited boundary information 
exchange, which improves information privacy of the whole 
system. As verified by the case studies, the proposed DARPC 
strategy can achieve the optimal power distribution among the 
WFs to minimize the power losses of the TS while minimizing 
the voltage deviation of the terminal buses as well as the power 
losses of the WF collection system. 
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