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Abstract—This paper presents the dynamic modeling of a
voltage source inverter (VSI) grid-connected system with high-
performance direct power control (DPC) functions. The system is
modeled in the stationary reference frame to reduce complexity
and make it linear time-invariant, enhancing control flexibility.
The DPC is introduced to achieve fast reference tracking and
decoupling regulation of grid active and reactive power injection.
Simulation results demonstrate that the DPC exhibits a fast
dynamic response and adaptable to changes in grid parasitic
elements, even under weak grid conditions with short-circuit ratio
of 1.8. The insights and discussions provided in this paper will
be valuable for researchers, engineers, and professionals in the
industry working on VSI-grid integration and developing control
strategies.

Index Terms—Voltage source inverter, Direct power control,
grid, short-circuit ratio

I. INTRODUCTION

Grid-connected voltage source inverter (VSI) direct power
control (DPC) has emerged as a critical device for seam-
lessly integrating renewable energy sources and energy storage
systems into the power grid. With the growing emphasis on
transitioning to a more sustainable and low-carbon energy
future, the penetration of distributed generation systems, such
as solar photovoltaics, wind turbines, and energy storage
systems, has increased [1] [2]. The effective management of
power flow between these systems and the grid is of paramount
importance to ensure grid stability, power quality, and efficient
utilization of renewable resources [3].

In a typical grid-connected renewable generation system, the
VSI is the interfacing element between the DC source and the
AC grid and is pivotal in maintaining the desired power quality
and grid stability [4]. Moreover, with the growing integration
of renewable resources into the grid, advanced control tech-
niques for inverters have become crucial to ensure efficient
power delivery. Various VSIs control techniques have been
proposed, each tailored to specific challenges and scenarios.
Methods such as improved linear sinusoidal tracers and notch
filter-based control are recognized for their effectiveness in
cases of phase imbalance and selective frequency rectification
[5] [6]. These techniques may require additional compensation
input to achieve optimal power factor control and harmonics
reduction.

On the other hand, more complex approaches have been
developed, including techniques involving Cauchy–Schwarz
inequality theory, synchronous reference frame-based pro-
portional integral control, instantaneous active and reactive
current component methods, Kalman filters [7], and notch-
filtering techniques [8]. These methods target specific control
and compensation application. In addition, the literature has
shown a growing interest in adaptive techniques, including
intelligent neuro-fuzzy inference [9], combined finite-state
and valley current predictive control [10], and decentralized
dynamic state estimation [11] [10]. These strategies have
shown promising results in computing the phase and amplitude
of signals, particularly under distorted grid voltage conditions
and, to some extent, during the presence of harmonics but have
limited application to the point of common coupling (PCC)
under weak grid conditions.

Among the various control methods, vector current con-
trol (VCC) and direct power control have emerged as
the most widely adopted approaches for power converters
[12] [13] [14]. In VCC, the system is modeled in a rotating
synchronous reference frame and typically requires the im-
plementation of a phase-locked loop (PLL). Unlike the VCC
method, DPC has gained increasing attention recently due to
its fast dynamic response, simple control structure, and ability
to maintain the required power quality standards [12] [15].
By directly calculating the required switching state of the VSI
based on the instantaneous errors in active and reactive power,
DPC enables real-time adjustments to the inverter’s output,
contributing to the grid’s robustness [12].

This paper aims to provide an analysis of grid-connected
VSI direct power control functionalities, as recommended in
IEEE Std. 1547.2018 subsection 5.3 [16], to assist DER
reactive power control. The DPC-VSI impact on grid stability
under stiff, weak, and ultra-weak grid conditions are also
evaluated and compared with the conventional vector current
control (VCC) technique. It is expected that the control meth-
ods discussed in this paper will be beneficial in numerous
VSI-grid penetrations, necessitating high dynamic and steady-
state performance alongside efficient operation.



II. SYSTEM MODELING AND ANALYSIS

Fig. 1 depicts the architecture of a grid-tied three-phase
voltage source inverter system, which is composed of five
primary elements: a DC link that could be connected to
renewable energy sources, a three-phase VSI, a DPC unit,
a filtering mechanism Rf and Lf , and a grid source. The
performance of the proposed DPC scheme is assessed through
comparison with the traditional VCC technique, as represented
in the models from [17] and illustrated in Fig. 2. The DC link
and network parameters used in this work are shown in Table
1.

Fig. 1. Schematic diagram of the proposed DPC-VSI grid connected system.

Fig. 2. Conventional VCC schematic diagram for VSI-grid penetration.

TABLE I
SYSTEM PARAMETERS

DC Link and Network Parameters
P1 10 kW Vd 800 V

Lf / Rf 100 µH / 10.32 mΩ Cd 10 mF
Vg 380∠0◦ ωe 377 rad/s
Rg 0.179056 Ω Lg 1.553581 mH

A. VSI Modeling

In this subsection, the dynamic model of the VSI in a
stationary reference frame is presented. From Fig. 1, the
following VSI output dynamic equations are determined:

piαβg =
Vαβ1

L
− R

L
iαβg −

Vαβg

L
(1)

Where L = Lf + Lg , R = Rf +Rg , iαβg = iαβf and p is
differential operator,

(
p = d

dt

)
. Also, assume an ideal network,

the grid voltage in αβ reference frame includes [17]:
⇒ Vαβg = |Vg| [cos (ωe + θ0)− jsin (ωe + θ0)]

∴ pVαβg = ωeVβg − jωeVαg (2)
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By differentiating Sg and substituting (1) and (2), the
instantaneous complex power model is obtained as follows:
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From (3), let the VSI dynamic inputs for active and reactive
power be represented as follows:

Upg = Vα1 Vαg + Vβ1 Vβg − |Vg|2 (4)

UQg = Vα1Vgβ − Vβ1Vαg (5)

Substitute (4-5) into (3) and decouple the complex power:
⇒ UPg = 2L
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3

∴ UPg = kgσPg − kgωeQg and UQg = kgσQg + kgωePg

By solving (4) and (5) simultaneously, the VSI output
voltage is expressed as:

Vβ1 =
UpgVβg − UQgVαg

|Vg|2
+ Vβg (6)

Vα1 =
UpgVαg + UQgVβg

|Vg|2
+ Vαg (7)

B. DC Link Dynamic Modeling

From Fig. 1, the model for the DC link constant voltage
control is deduced as follows:

CdpVd = I1 − I2 (8)

By multiplying both sides of (8) by Vd, the dc link voltage is
obtained in terms of VSI active power, obtained as follows:

Cd

2
pV 2

dc = (P1 − Pg) (9)



Fig. 3. DPC-VSI design for effective grid power injection.

III. CONTROLLER DESIGN

A. VSI-DPC Design

In this section, the VSI-DPC is designed to regulate the
grid power injection/absorption. Fig. 3 depicts the designed
DPC, which utilizes PI controllers and feed-forward loop
controls for the decoupled active and reactive power control.
The decoupled active power controller can be derived from
(3) - (5):
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From (10), let the poles = −kgpp, and the bandwidth defined
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⇒ pQg = −ωePg − R
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From (12), let the poles = −kQgp and bandwidth: α =
kQgp

∴ kQgi =
R

L
α & kQgp = α (13)

Fig. 3 shows the designed DPC-VSI technique considering
equations (1) - (12).

B. DC Link Voltage Controller Design

In this sub-section, the DC link voltage controller is de-
signed to ensure fast and effective control of the VSI instan-
taneous active and reactive power. From (9), Let:
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2
pV 2

d = kv(V
∗2

d − V 2
d ) (14)

From (14), the transfer function can be deduced as follows:
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Where, kv = Cd

2 α ≡ kvp +
kvi
p
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Cd

2
α and kvi = 0 (16)

Moreover, the outer and inner loop controller parameters
are shown in Table 2.



TABLE II
CONTROLLER PARAMETERS

kvp 10 kvi 0
kgpp 167.88 kgpi 6999.63
kQgp 167.88 kQgi 6999.63

C. Stability Analysis

The network’s parasitic components considerably influence
the stability of a grid-connected VSI system. Consequently,
this section demonstrates how changes in grid parameters
impact the stability and dynamic response of the investigated
VSI-grid network. As mentioned in [18], the rigidity of a grid
at the PCC is commonly characterized by the short-circuit ratio
(SCR). In this study, SCR is computed as the proportion of
the grid’s short-circuit capacity at the PCC to the rated power
of the VSI, which is presented in [19] [20] as:

SCR =
V 2
pcc, nom

Prated |Zgrid|
(17)

IV. RESULTS AND DISCUSSION

To assess the dynamic performance of the grid-connected
VSI for enhanced performance, the model represented by
equations (1)-(9) has been simulated in accordance with IEEE
Std 1547-2018 subsection 5.3, which pertains to the DER
active-power and reactive-power characteristic requirements.
Taking into account a network operator-selected set-point of
10000 W at various step changes and curtailment. Fig. 4
shows the steady-state and transient performance of DPC and
VCC schemes in delivering grid power at constant reactive
power mode. It can be noted that the DPC’s transient response
and steady-state performance are not substantially impacted
by the variation in reference power, especially concerning
active power and DC link voltage levels, in comparison to the
conventional VCC. The overshoot observed during abrupt step
changes in DPC reactive power is attributable to the change in
power flow direction on the VSI, which results from reference
power step changes.

Fig. 5 presents the dynamic response of the VSI-grid
model under PQ control mode. The performance of the DPC
and VCC models is assessed under abrupt changes in VSI
reference power, transitioning from overexcited dead-band to
under-excited operating modes. The results indicate that the
DPC exhibits a more rapid dynamic response in comparison
to the VCC model. Fig. 6 shows the VSI-DPC performance
under different SCR values. At the beginning of the simulation,
the VSI is connected to a stiff grid with an SCR value
of 23. The grid impedance is incremented in five stages
at 0.5-sec intervals to represent the transition from a stiff
grid to an ultra-weak grid mode. The results reveal that the
DPC demonstrates robustness and effective performance under
various grid conditions.

Fig. 4. VSI-grid constant VAR control transient performance comparison of
DPC and VCC at varying reference power conditions.

Fig. 5. VSI-grid PQ control performance comparison of DPC and VCC.



Fig. 6. Performance of DPC and VCC under different grid conditions.

V. CONCLUSION

This paper investigates approaches to improve the perfor-
mance of grid-connected VSI systems. A two-phase stationary
transformation scheme has been used to model the proposed
VSI-grid system. The dynamic and steady-state models de-
veloped are derived directly from the network parameters. To
effectively control the VSI-grid power injection, a direct power
controller has been designed in this paper. The simulation
results show that the DPC has a fast transient response and
lesser harmonics during steady-state operations. Also, the
DPC-VSI performance under weak grid conditions has been
evaluated. However, the findings and discussions presented
herein are expected to benefit researchers, engineers, and
industry professionals working on VSI-grid integration and
control strategies for modern power systems.
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