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Abstract—The objective of this thesis is to introduce
an alternative MG modeling technique, different from
known modeling methods, which may allow us to ob-
tain new control algorithms applicable to MGs. This
modeling technique based on complex power will be
validated according to the results obtained with the
simulations of the model based on the Modified Nodal
Analysis (MNA) method that is based on currents and
voltages.
To show this modeling technique, we will consider an
MG composed by two three-phase inverters feeding a
resistive load (MG-2Inv-3f-RL) in islanded mode.
We will demonstrate that the modeling technique is
correct and feasible by implementing the MNA-based
method and the complex-based method. We will check
the complexity that the MNA-based modeling method
acquires.
To achieve our goal, we will review the concepts of
the MNA-based modeling method applied to a basic
electrical circuit. We will use the Symbolic Circuit
Analysis in Matlab (SCAM) tool based on MNA, to
automate the modeling technique of a MG. We will
perform the open-loop analysis and simulation of the
MNA-based MG model and the complex-based MG
model. Finally, after analyzing the stability of the
complex-based model, we will proceed to perform the
closed-loop analysis and simulation implementing the
droop control strategy in the MNA-based model and
the complex-based model. Hence, we will verify the
validity of the alternative complex-based MGmodeling
technique.

Keywords—Microgrids (MGs), Modified Nodal Anal-
ysis (MNA), Symbolic Circuit Analysis in Matlab
(SCAM), Control, Droop, Model.

I. Introduction

THE continuous technological advances and the
establishment of environmental policies worldwide

have motivated, since some years ago, research on
alternative energy generation sources such as renewable
energy. In this context, Microgrids (MGs) have the
potential to support many problems faced by today’s
power systems. For the cited above, we propose to
introduce an different complex-based MG modeling
technique, which may allow us to generate new control
algorithms to apply them to MGs.

The MNA method uses Kirchoff’s current law and
is algorithmically more efficient than the mesh current

method or the node voltage method [1]. We will review
the concepts of the MNA-based modeling method and
apply them to a basic electrical circuit and to a MG
composed by two single-phase inverters feeding a resistive
load.

We will automate the MNA-based MG modeling
technique with the Symbolic Circuit Analysis in MatLab
(SCAM) tool. This Matlab script allows us to symbolically
solve systems of equations in electrical circuits using a
netlist file that defines the interaction of the components
in the MG nodes [2].

The result that we obtain with the MNA-based modeling
method is determined by the expression I(s) = G(s)V (s)
where I(s) are the system outputs corresponding to the
currents of each inverter, G(s) is the system transfer
function and V (s) are the system inputs corresponding
to the voltages of each inverter.

To resulting expression cited above, we structure it
in a transfer function model and later, we express it in a
state space model. In this way, we can obtain the power
of each inverter as the product of the current and the
voltage and we simplify other calculation processes.

The analysis and simulation results in open loop
that we obtain with the MNA-based modeling method
and the alternative complex-based modeling technique of
a MG composed by two three-phase inverters feeding a
resistive load, allow us to preliminarily validate the latter.

Finally, we discuss a stability analysis of the complex-
based MG model. We implement the droop control
strategy to control and balance the power that each MG
inverter generates in the MNA-based model and in the
complex-based model [4].
The closed-loop simulation result of the model obtained
with the complex-based modeling technique and the
MNA-based modeling method show the effect of the
droop method and the equal power sharing function.
These results also indicate the feasibility and confirm the
validity of the alternative complex-based MG modeling
technique that we propose in this work. The figure 1
illustrates the topics to be treated in this work.
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Fig. 1: Main scheme

II. MNA-based modeling and analysis of MG of
two three-phase inverters with a resistive load

In the previous sections, methods of analysis of systems
of equations related to electrical circuits such as MNA have
been applied manually and in an automated way through
SCAM in Matlab, and we have been able to verify in each
section that the results obtained with these methods are
equals.

A. Electrical scheme of three-phase MG
Said the above, we are going to analyze a MG with two

three-phase inverters (V1a, V1b, V1c and V2a, V2b, V2c) with
a pure resistive star load (RLa,RLb, RLc), considering
that the lines or nodes that interconnect the MG inverters
have resistive-inductive (R1a,1b,1c, L1a,1b,1c) and (R2a,2b,2c,
L2a,2b,2c) characteristics. Figure 2 shows the MG electric
scheme being considered with the respective nodes identi-
fied for the creation of the netlist file that SCAM will use
in its execution.
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Fig. 2: Microgrid three-phase electrical nodal scheme

B. SCAM computer analysis of equations
The netlist file with .cir extension corresponding to

MG three-phase electrical model in figure 2 is shown in
table I. From the data entered in the netlist file of table I
corresponding to the circuit of figure 2, the SCAM tool
gives us the values of the A matrix, x vector and z
vector and solving the system of equations using the MNA
method.

V1a 1 0 Symbolic
V1b 2 0 Symbolic
V1c 3 0 Symbolic
V2a 13 0 Symbolic
V2b 14 0 Symbolic
V2c 15 0 Symbolic
L1a 4 7 Symbolic
L1b 5 8 Symbolic
L1c 6 9 Symbolic
L2a 10 7 Symbolic
L2b 11 8 Symbolic
L2c 12 9 Symbolic
R1a 1 4 Symbolic
R1b 2 5 Symbolic
R1c 3 6 Symbolic
R2a 13 10 Symbolic
R2b 14 11 Symbolic
R2c 15 12 Symbolic
RLa 7 0 Symbolic
RLb 8 0 Symbolic
RLc 9 0 Symbolic

TABLE I: Netlist file of MG three-phase electrical nodal
scheme

C. Computer analysis of State Space model
In this point, two three-phase sources V1a, V1b, V1c and

V2a, V2b, V2c are presented, and as outputs of the system
we have currents IV 1a, IV 1b, IV 1c and IV 2a, IV 2b, IV 2c
respectively.

G(s) = Y (s)
U(s) = IVij(s)

Vij(s)
, i = 1, 2 j = a, b, c (1)

we have a system with six inputs and six outputs, in which
each output depends on the inputs, therefore, we will have
a 6× 6 matrix with thirty six transfer functions as below

G(s) =


G1,1(s) G1,2(s) G1,3(s) G1,4(s) G1,5(s) G1,6(s)
G2,1(s) G2,2(s) G2,3(s) G2,4(s) G2,5(s) G2,6(s)
G3,1(s) G3,2(s) G3,3(s) G3,4(s) G3,5(s) G3,6(s)
G4,1(s) G4,2(s) G4,3(s) G4,4(s) G4,5(s) G4,6(s)
G5,1(s) G5,2(s) G5,3(s) G5,4(s) G5,5(s) G5,6(s)
G6,1(s) G6,2(s) G6,3(s) G6,4(s) G6,5(s) G6,6(s)


(2)

To obtain the results with numerical values and simula-
tion, we use the subs command in MATLAB considering
the MG parameters shown in table II.

Parameter Symbol Value Unit
Inversor 1 (a, b, c) V1a, V1b, V1c 155 Vp
Inversor 2(a, b, c) V2a, V2b, V2c 155 Vp
Resistor 1(a, b, c) R1a, R1b, R1c 0.5 Ω
Resistor 2(a, b, c) R2a, R2b, R2c 10 Ω

Resistor Load (a, b, c) RLa, RLb, RLc 2 Ω
Inductor 1(a, b, c) L1a, L1b, L1c 20 mH
Inductor 2(a, b, c) L2a, L2b, L2c 10 mH

TABLE II: MG three-phase model parameters

D. Simulation of MG of two three-phase inverters with a
resistive load
A simulation time tf = 0.1 seconds has been configured,

with steps ts = 1e− 6, a frequency ω = 2πf = 2π(60).
The active powers of the two three-phase input inverters
are shown in figure 3, where inverter one delivers a lower
three-phase active power P1(3φ) than inverter two, but it
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produces a significant transient peak until the signal be-
comes stable, while inverter two does not suffer a notable
variation P2(3φ) as above until stability is achieved.
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Fig. 3: Active Power P(3φ) of MNA-based MG model

III. Complex-based modeling and analysis of MG
of two three-phase inverters with a resistive

load

All these before procedures work properly and allow us
to find the powers, but while the microgrid increases in
number of inverters, the difficulty to analyze and solve
this type of systems increases notably. It is precisely due
to the need to find a more compact, simplified, scalable
and intuitive alternative that the following complex-based
MG model is proposed directly from the power equations
of each inverter, using the scheme in the figure 4.

A. Electrical scheme of three-phase MG

G1

e1 R1 L1 e3 L2 R2 e2

G2
RL

Fig. 4: Microgrid scheme

This MG scheme is of the resistive-inductive type
(R1, L1) and (R2, L2) and consists of two three-phase
inverters G1 and G2 that supply a resistive load RL.

B. Complex-based modeling of three-phase MG
Each generator injected complex power is given by

Si(t) = 3
2 ei(t) īi(t), i = 1, 2 (3)

where ei, īi ∈ C are the complex voltage and the complex
conjugate current in αβ-frame, respectively, given by

ei(t) =Ei(t)ejω0t+jϕi(t) (4)
īi(t) =Ii(t)ejω0t+jϕ′

i(t) (5)

and the constant factor 3
2 is determinated in active and

reactive power expression in the αβ-frame given by

Pi(t) =3
2 (eiα(t)iiα(t) + eiβ(t)iiβ(t)) (6)

Qi(t) =3
2 (−eiα(t)iiβ(t) + eiβ(t)iiα(t)) (7)

The complex power can be also written in complex form
as

Si = Pi + jQi ∈ C (8)

where Pi and Qi are each generator injected active and
reactive power, respectively, and j is the imaginary unit.

In order to study the dynamics of the power, we can
differentiate (3) to obtain

Ṡi(t) = 3
2

(
ėi(t) īi(t) + ei(t) ˙̄ii(t)

)
(9)

In order to compute (9) we need the derivative of the
voltage, ėi(t), and the derivative of the transpose of the
current ˙̄ii(t). The first one is obtained by differentiating
(4) as follows

ėi(t) = Ėi(t)ejω0t+jϕi(t) + Ei(t)j(ω0 + ϕ̇i(t))ejω0t+jϕi(t)

=
(
Ėi(t) + Ei(t)j(ω0 + ϕ̇i(t))

)
ejω0t+jϕi(t)

=
(
Ėi(t)
Ei(t)

+ j(ω0 + ϕ̇i(t))
)
ei(t)

(10)
The second one, ˙̄ii(t), is obtained analyzing the considered
circuit (remember Figure 4, placing the focus on inverter
G1). Having that

L1i̇1(t) = e1(t)− e3(t)−R1i1(t)
e3(t) = RL(i1(t) + i2(t))

we obtain that

i̇1(t) = 1
L1
e1(t)− (RL +R1)

L1
i1(t)− RL

L1
i2(t) (11)

The transpose of (11) is

˙̄i1(t) = 1
L1
ē1(t)− (RL +R1)

L1
ī1(t)− RL

L1
ī2(t) (12)

By substituing (10) and (12) into (9) for the case of G1,
and defining

α = e1(t)
e2(t) = E1

E2e
j(ϕ1(t)−ϕ2(t)) (13)

we obtain

Ṡ1(t) =
(
Ė1(t)
E1(t) + j(ω0 + ϕ̇1(t))− (RL +R1)

L1

)
S1(t) + 3

2
E2

1(t)
L1

− RL
L1

S2(t)α

Ṡ2(t) =
(
Ė2(t)
E2(t) + j(ω0 + ϕ̇2(t))− (RL +R2)

L2

)
S2(t) + 3

2
E2

2(t)
L2

− RL
L2

S1(t)α−1

(14)
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C. Complex-based simulation of three-phase MG

The simulation of the complex-based MG model com-
posed of two three-phase inverters with a resistive load
has been carried out with a Matlab script in discrete algo-
rithmically using the model equations system in (14) and
the expression of voltage in (4). To obtain the complex-
based MG power model solution, we have considered the
parameters shown in the table III.

Parameter Symbol Value Unit
Inversor 1 G1 155 Vp
Inversor 2 G2 155 Vp
Resistor 1 R1 0.5 Ω
Resistor 2 R2 10 Ω

Resistor Load RL 2 Ω
Inductor 1 L1 20 mH
Inductor 2 L2 10 mH

TABLE III: Complex-based MG three-phase model pa-
rameters

A simulation time tf = 0.1 seconds has been configured,
with steps ts = 1e− 6, a frequency ω = 2πf = 2π(60).
The visualization of the active and reactive power signals
of the complex-based model is obtained from the expres-
sion given in (8) with the functions real e imag applied to
the solution of the apparent power expressed in complexes.
When inverter 2 delivers an active power flow (P2) greater
than inverter 1 (P1) in the MG (subfigure 5a), the reactive
power flow of inverter 2 (Q2) is less than that supplied
by inverter 1 (Q1) (subfigure 5b). The frequency remains
constant due to open-loop analysis (subfigure 5c).
With these results we can verify that this signal corre-
sponds to the active power signal obtained with the MNA-
based MG model shown in figure 3, considering that we
use the same parameters to simulate the two models.

IV. Complex-based stability analysis and
control of MG composed by two three-phase
inverters feeding a resistive load in islanded

mode

In this last section we are going to perform the stability
analysis of the complex-based model using Matlab to
obtain the equilibrium points considering the parameters
of the table III. In addition, the droop control strategy
will be implemented in the complex-based model and in
the MNA-based model, to observe the power delivered by
the MG inverters in closed-loop and value the respective
simulations between the two models.

A. Equilibrium points of MG three-phase model

The equilibrium points or trajectories of a nonlinear
system are obtained by solving the equation ẋ = dx

dt = 0
where x is the state variable given the expression [3]

ẋ(t) = f(x(t), u(t)), x(t0) = x0 (15)
y(t) = h(x(t)) (16)

As cited above, we proceed to calculate the equilibrium
points of the system of equations of the complex-based
model using Matlab, given the equations in (14) as follows

Ṡ1(t) = 0
Ṡ2(t) = 0

(17)

Now we perform the calculations symbolically using the
Matlab’s script in the appendix section ?? obtaining the
following equilibrium points

S1e =
E1
(
E1 R2 + E1 RL− E1 L2 w 1i− E2 RL eAP 1i) 3i

2 (R1 R2 1i +R1 RL 1i +R2 RL 1i + L1 R2 w + L2 R1 w + L1 RLw + L2 RLw − L1 L2 w2 1i)

S2e =
E2
(
E2 R1 1i + E2 RL 1i + E2 L1 w − E1 RL e−AP 1i 1i

)
3i

2 (L1 L2 w2 −R1 RL−R2 RL−R1 R2 + L1 R2 w 1i + L2 R1 w 1i + L1 RLw 1i + L2 RLw 1i)
(18)

considering the phase variation AP = ϕ1(t) − ϕ2(t)
in (18). At this point, it is interesting to ask ourselves
if we can equalize the powers of the two MG inverters
by manipulating only the voltages, evaluating the MG
parameters from table III in (18). The results obtained
in Matlab as follow

E1 = 0
E2 = 0

(19)

where E1 and E2 are the output voltages of each inverter
respectively. These voltages in (19) indicate that have to
be zero, so that the powers of the two inverters are equal,
therefore, there is no solution modifying only voltages.

When we equalize the powers of the two inverters of the
MG, manipulating only the phases, we have a different
case where we do not have an explicit solution because
the phase relation depends implicitly on the voltages
relation as shown in the expression (13) and (18), and the
solutions in function of the real and imaginary part go
according to the parameters of the MG. Therefore, it is
necessary to manipulate voltages and phases together to
equalize the powers of the inverters of the complex-based
MG model.

B. Droop control strategy of MG three-phase model

We are going to implement as a primary control loop
the power sharing control in each inverter based on the
droop control strategy, also called decentralized control.
This type of control does not require communications
service between MG inverters.

The droop control principle consists in coordinating
the interaction of the frequency-active power droop
characteristic and the voltage-reactive power droop
characteristic, in such a way that it controls the flow of
active and reactive power by controlling the frequency
and amplitude of the output voltage in order to share the
adjustment of the total power demand [4].

The general droop equations for the frequency and
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Fig. 5: Complex-based MG model system dynamics when two three-phase inverters with equal voltage magnitude and
equal phases operate during the simulation time.

amplitude of the output voltage of an inverter are
represented in the figure 8 and can be expressed as below

f = f0 −m∆P (20)
V = V0 − n∆Q (21)

where f0 and V0 are the reference values of the frequency
and amplitude of the inverter output voltage respectively,
∆P is the change in active power and ∆Q is the variation
of reactive power. Coefficients m y n are static-droop
gains.

The droop control to share power in a MG composed by
two inverters in parallel is represented in figure 8.

(a) f − P Droop caracteris-
tics

(b) V − Q Droop carac-
teristics

Fig. 8: Relationship between frecuency control (f−P ) and
voltage control (V −Q) of Droop controller.

A simulation time tf = 0.5 seconds has been configured,
with steps ts = 1e− 6, a frequency ω = 2πf = 2π(60).
The visualization of the active and reactive power
signals of the complex-based model is obtained from the
expression given in (8) with the functions real e imag
applied to the solution of the apparent power expressed
in complexes.

In the same way, the simulation in closed-loop of
the MNA-based MG model composed by two three-phase
inverters feeding a resistive load has been carried out
algorithmically using a Matlab script in discrete similar
to used in open-loop in section II-D, but adding the droop
equations as control loop.

So that the simulation results obtained with the two MG
modeling methods can be properly compared, the same
parameters have been adjusted.

Relating the simulations of the MNA-based model
and the complex-based model we can discuss that the
subfigure 6a and subfigure 7a shows us the process of
sharing the active power demand of the MG between
inverter 1 (P1) and inverter 2 (P2) during the simulation
time established in Matlab.

During the first t = 0.1 seconds we observe oscillations
of the active power of the two inverters until reaching
the total power balance required by the MG load. These
transient oscillations can be attenuated by fine-tuning the
primary controller parameters and implementing more
levels of control in the models.

It has not been considered to pay greater attention
to the reactive powers of the inverters represented in
the subfigure 6b and subfigure 7b, because the droop
primary control has been enough to understand the
principle of its control within the MNA-based MG model
and complex-based MG model feeding a resistive load
proposed in the present work.

Besides, the subfigure 6c and subfigure 7c illustrates
the frequency reduction in the inverters when they reach
the supply balance of active power demanded by the load.
To avoid having this unwanted effect on frequency, it is
necessary to increase the control levels in the MG model.

V. Conclusions

The MNA-based MG model is easily automatable using
Matlab computational algorithms, which reduces the time
spent on manual mathematical analysis. The MNA-based
SCAM tool is developed as a Matlab script and has made
it easier for us to model the MGs mentioned above in a
fast, simple and scalable way to larger MGs. The results
obtained by SCAM have been compared to the analytical
results obtained manually, obtaining the same results in
less time.
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Fig. 6: Complex-based MG model system dynamics with Droop Control when two three-phase inverters with equal
voltage magnitude and equal phases operate during the simulation time.
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Fig. 7: MNA-based MG model system dynamics with Droop Control when two three-phase inverters with equal voltage
magnitude and equal phases operate during the simulation time.

To simulate the dynamic response of the MG models
analyzed in this work, it was necessary to transform the
result generated by the SCAM tool given in the Transfer
Function to State Space. This managed to algorithmically
improve the analysis and simulation process in Matlab,
allowing to obtain the value of the power of the MG
inverters by making the product of the current and the
output voltage of each one of them. We avoid the analysis
in the Transfer Function model because it leads to other
additional mathematical operations that include the
integral of the convolution of the product of the current
and the voltage to obtain power, which was not part of
the objectives.

When MGs increase in number of inverters, the analysis
using methods such as MNA becomes very extensive
and makes it difficult to understand the behavior of
the system. The complex-based MG model is a very
good alternative to the MNA-based MG models, due
to its reduced mathematical load, facility of intuition
and observation of the interaction of MG components
compared to the other models reviewed.

The algorithmic structure of the complex-based MG
model implemented in Matlab is smaller compared to
the structure of the MNA-based model, which provides
greater fluidity in simulation tests. The validity and

reliability of the complex-based model is checked with the
results of the simulations carried out, where the power
signal has a similar behavior in both cases.

Finally, the droop control strategy was implemented
to give greater strength to the complex-based MG model
approach. In this case, the result of the stability analysis
indicates that it is necessary to jointly manipulate
magnitude and phase to equalize the powers generated
by the inverters and achieve the shared power balance
that the load demands in the MG. In view of the results
obtained with the simulations, the dynamic response of
the proposed models has similar behaviors, giving validity
and confidence to the complex-based MG model, and
allowing future works in this line.
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