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A B S T R A C T

AC/DC converter–based power systems require modelling tools that can capture dynamic and harmonic be­

haviour while integrating seamlessly into established simulation environments. This paper presents 𝐷𝑄𝑠𝑦𝑚, an 

open-source MATLAB/Simulink library for dynamic phasor–based simulation using a unified state-space formu­

lation. Using 𝐷𝑄𝑠𝑦𝑚, multiple harmonic orders are represented through multiple rotating DQ reference frames 

within a single simulation run. 𝐷𝑄𝑠𝑦𝑚 is implemented using standard MATLAB/Simulink functions and masked 

subsystems, allowing seamless integration into existing workflows. Available components include sources, math­

ematical operation blocks, state-space blocks, and measurement tools. 𝐷𝑄𝑠𝑦𝑚 provides structured numerical 

outputs and visualization utilities to support reproducible simulation studies. The design and architecture of 

𝐷𝑄𝑠𝑦𝑚 are described, and an illustrative example based on a single-station Modular Multilevel Converter (MMC) 

with full control demonstrates its correctness. Simulation results closely match those obtained from conventional 

Simulink implementations, validating the approach and confirming its suitability for harmonic-capture power 

system simulation.
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1 . Motivation and significance

AC/DC converter–based power grids have become a cornerstone of 

modern power systems. This development is driven by the widespread 

deployment of voltage source converter (VSC) technologies and 

power–electronic interfaced resources. While these systems offer en­

hanced controllability and flexibility, they also introduce harmonic 

interactions and converter-driven dynamics. These effects challenge 
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conventional modelling approaches because of the fast dynamics and 

complex behaviour. Accurate system-level analysis, therefore, requires 

models capable of capturing both fundamental-frequency behaviour and 

harmonic interactions [1–3].

Electromagnetic transient (EMT) simulation tools provide detailed 

representations of switching behaviour and associated harmonics. 

However, their high computational cost limits their applicability to 

large-scale networks, and they are typically used for small systems or 

short-duration studies [4,5]. In contrast, classical phasor-domain and 

average-value models are computationally efficient and well-suited for 

steady-state analysis. Their main limitation is the neglect of harmonic 

coupling, which becomes critical in converter-dominated systems [6,7].

Dynamic phasor (DP) theory provides an intermediate modelling ap­

proach. It represents time-periodic signals using time-varying Fourier 

coefficients [2]. Selected harmonic dynamics are retained within a struc­

tured representation. DP models, therefore, capture both fundamental 

and harmonic behaviour within a controllable frequency range and 

provide an effective balance between modelling detail and analytical 

tractability [2,8].

Existing work on DP modelling is distributed across different appli­

cations and environments, making it difficult to assess and compare 

capabilities consistently [8]. In particular, standardised and cohesive 

simulation environments are still lacking.

Code-centric tools such as DPsim [9] provide efficient implementa­

tions with support for real-time simulation and co-simulation, but lack 

support for HVDC converters. In parallel, DP formulations have been 

explored in equation-based environments such as Modelica, where prior 

work and open-source libraries (e.g., ModPowerSystems) demonstrate 

the integration of DP models within that framework [10,11].

These approaches have distinct but related limitations. Code-based 

tools often require advanced programming expertise, which hinders 

rapid adaptation. Equation-based environments offer flexibility but in­

volve a steep learning curve and lack seamless integration with control 

design pipelines. They also do not natively support the state-space 

formulations required for stability analysis. Consequently, these tools 

remain difficult to adopt, particularly for users accustomed to block-

based design.

The growing complexity of AC/DC systems highlights the need for 

modelling tools that are accurate, transparent, and easy to use. However, 

support for DP-based analysis remains limited. Only a few platforms pro­

vide native DP representations. DPsim, for example, includes harmonic-

indexed dynamic phasor states [9], while widely used environments 

such as OpenIPSL (OpenModelica) and PowerSimulationsDynamics.jl do 

not provide native DP abstractions [11–13]. In these tools, DP models 

must be implemented manually by introducing additional state variables 

and defining cross-frequency coupling. Consequently, the DP approach 

is typically treated as an extension to existing frameworks rather than 

as a native capability.

What is therefore needed is a block-based, accessible DP simulation 

environment that integrates naturally with control design. To address 

these challenges, this work introduces 𝐷𝑄𝑠𝑦𝑚, an open-source Simulink 

library for AC/DC power system simulation based on dynamic pha­

sor modelling. Unlike existing implementations, 𝐷𝑄𝑠𝑦𝑚 adopts a fully 

block-based approach. Model construction is intuitive and integrates 

directly with control design workflows. The library provides modular 

representations of AC networks, DC networks, converters, and control 

systems.

Implementation within the MATLAB/Simulink environment allows 

users to work within familiar environments. Its modular, case-based 

architecture supports reproducibility and model reuse, reducing im­

plementation complexity and improving accessibility for system-level 

studies (see Table 1).

The significance of 𝐷𝑄𝑠𝑦𝑚, illustrated in Fig. 1, lies in its ability to 

bridge the gap between EMT and conventional phasor-based approaches 

by enabling harmonic-rich modelling within a unified state-space frame­

work. Rather than focusing on reducing computational cost relative 

to EMT simulations, capturing system dynamics across a wide range 

of harmonic components is the primary design objective. The same 

Table 1 

Open-source tools for power system dynamic simulation.

Tool Environment DP support / modelling 

paradigm

Capabilities Limitations / Notes

𝐷𝑄𝑠𝑦𝑚 MATLAB Simulink Explicit DP (state-space, 

block-based)

System-level AC/DC studies, reproducible 

workflows, harmonic modelling

Simulink dependency, scalability 

tied to model structure

DPsim [9] C++ / FMI Explicit DP + EMT (hybrid) Real-time simulation, HIL, co-simulation, 

high fidelity

Higher implementation 

complexity

PowerSimulations 

Dynamics.jl [12]

Julia RMS / phasor-based (no 

native DP)

Large-scale system studies, flexible 

dynamic modelling

Limited harmonic representation

PowerDynamics.jl [14] Julia DAE-based (phasor, no 

native DP)

Flexible equation-based modelling, 

stability studies

No explicit DP support

OpenModelica libraries 

[10,11,13]

Modelica DAE-based (extensible to 

DP)

Component-level modelling, multi-

domain simulation, object-oriented 

design

Requires manual DP imple­

mentation, higher modelling 

complexity

Fig. 1. Workflow of executing a simulation using the 𝐷𝑄𝑠𝑦𝑚 library in Matlab/Simulink.
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model can therefore be applied to both time-domain simulation and 

frequency-domain stability analysis without reformulation.

Simulation outputs are available as time-domain signals, supporting 

flexible analysis of system behaviour. Multi-harmonic state-space for­

mulation underpins the framework and provides a foundation for future 

extensions toward stability analysis and control design.

The remainder of this paper is organised as follows. Section 2 intro­

duces the 𝐷𝑄𝑠𝑦𝑚 library, detailing its Simulink architecture, modelling 

philosophy, and key functionalities. Section 3 presents simulation results 

from a representative test case. Section 4 discusses the implications and 

potential impact of 𝐷𝑄𝑠𝑦𝑚 for AC/DC system analysis. Finally, Section 5 

concludes the paper and outlines directions for future work.

2 . Software description

2.1 . Software architecture

𝐷𝑄𝑠𝑦𝑚 is implemented as a Simulink library for building power sys­

tem models in a structured way. The library is organised into groups of 

blocks, including AC and DC sources, power electronic converters (cur­

rently a modular multilevel converter implemented using a state-space 

model), mathematical and dynamic equation blocks, and measurement 

and post-processing blocks. Each group is implemented as a masked 

subsystem. This separation ensures a clear modelling structure and 

consistent interfaces between components.

Each component is implemented as a parameterised subsystem that 

contains the dynamic phasor equations. All blocks share a common 

input–output structure and use a unified 𝐷𝑄𝑠𝑦𝑚 signal format, defined 

in Eq. (3) [15]. The modular structure allows components to be added, 

replaced, or extended without modifying the overall system layout, 

supporting reuse across different study cases.

System models follow the standard Simulink workflow. Users define 

parameters and simulation settings either in MATLAB scripts or directly 

in block masks. These values configure the selected library blocks. Users 

place and connect blocks to form the desired network, then execute 

simulations using standard Simulink solvers without modifying inter­

nal block implementations. During simulation, results can be visualised 

using MATLAB built-in tools.

2.2 . Dynamic phasor representation

The 𝐷𝑄𝑠𝑦𝑚 framework is based on DP theory, where time-varying 

signals are represented using Fourier coefficients that evolve over time. 

For a nearly periodic signal 𝑥(𝑡), the dynamic phasor of order 𝑘 is 

defined as

⟨𝑥⟩𝑘(𝑡) =
1
𝑇 ∫

𝑡

𝑡−𝑇
𝑥(𝜏)𝑒−𝑗𝑘𝜔𝑐𝜏 𝑑𝜏, (1)

where 𝜔𝑐 = 2𝜋∕𝑇  is the fundamental frequency. Each coefficient ⟨𝑥⟩𝑘(𝑡)
captures the amplitude and phase of the 𝑘th harmonic component.

Using this representation, a signal can be approximated as a sum of 

selected harmonic components:

𝑥(𝑡) ≈
𝑁
∑

𝑘=−𝑁
⟨𝑥⟩𝑘(𝑡)𝑒𝑗𝑘𝜔𝑐 𝑡, (2)

where 𝑁  is the selected harmonic order. Increasing 𝑁  improves accuracy 

but also increases computational effort.

Dynamic phasors provide a compact representation of harmonic-

rich signals while preserving time-domain dynamics. Their algebraic 

properties allow the direct formulation of system equations. In particu­

lar, multiplication introduces coupling between harmonic components 

through the convolution of harmonic indices.

In the 𝐷𝑄𝑠𝑦𝑚 framework, dynamic phasors are expressed in a ro­

tating 𝑑𝑞0 reference frame and organised into positive-, negative-, 

and zero-sequence components. Each signal is represented as a set of 

complex-valued coefficients obtained by mapping from the 𝑎𝑏𝑐 frame 

to the 𝐷𝑄𝑠𝑦𝑚 frame through a symmetrical component transformation 

followed by a rotation into a synchronous reference frame. This pro­

cess separates positive-, negative-, and zero-sequence components while 

retaining the amplitude and phase of each harmonic component. A de­

tailed derivation is provided in [15,16]. These coefficients form the 

standard signal structure used across all library blocks, as defined in 

Eq. (3).

⎡

⎢

⎢

⎢

⎣

⟨𝑥𝑑𝑞,𝑝⟩𝑘
⟨𝑥𝑑𝑞,𝑛⟩𝑘
⟨𝑥𝑑𝑞,𝑧⟩𝑘

⎤

⎥

⎥

⎥

⎦

=

⎡

⎢

⎢

⎢

⎣

𝐱𝑝𝑑 (𝑘) + 𝑗𝐱𝑝𝑞 (𝑘)
𝐱𝑛𝑑 (𝑘) + 𝑗𝐱𝑛𝑞 (𝑘)
𝐱𝑧𝑑 (𝑘) + 𝑗𝐱𝑧𝑞 (𝑘)

⎤

⎥

⎥

⎥

⎦

(3)

2.2.1 . Simulink block library - library components

All components described in this section are available in the 𝐷𝑄𝑠𝑦𝑚
library (version 1.0). They are implemented as masked subsystems that 

contain their internal algorithms. The algorithms presented here pro­

vide a high-level description of each block’s operation, not the complete 

implementation. The detailed implementation can be inspected within 

the masked blocks after installation. Each algorithm is associated with 

a specific block in the library. Algorithm 1 corresponds to the state-

space block, Algorithm 2 corresponds to the multiplication block, and 

Algorithm 3 corresponds to the DQsym-to-ABC transformation block. 

Once installed, 𝐷𝑄𝑠𝑦𝑚 appears as a standard Simulink library in the 

Simulink Library Browser, where users interact directly with the masked 

blocks.

Source and grid interface blocks. Source and grid interface blocks pro­

vide voltage or current inputs in the 𝐷𝑄𝑠𝑦𝑚 dynamic phasor format 

defined in (3) [15]. These blocks represent ideal AC or DC sources. 

Signals are defined through block masks and expressed in multiple 

DQ reference frames based on the selected harmonic order 𝑁 . For 

visualisation, signals can be converted to the 𝑎𝑏𝑐 reference frame 

and displayed using standard Simulink scope blocks. The blocks are 

fully parameterised and do not require modification of their internal

implementation.

Algorithm 1 Time-stepping with Switching-Event Handling and Half-

step Correction.

1: Get system matrices (continuous-time or discrete-time representa­

tion)

2: if Discrete system matrices available? then

3:  Set (𝐴,𝐵, 𝐶,𝐷)
4: else

5:  Discretize system matrices to obtain (𝐴𝑑 , 𝐵𝑑 , 𝐶𝑑 , 𝐷𝑑 )
6: end if

7: for each time-step 𝑘 = 0, 1, 2,… do

8:  Half-step correction

9:  Apply predictor/corrector (or midpoint) update to align 

states/inputs at 𝑡𝑘+ 1
2

10:  if Switching event occurs during [𝑡𝑘, 𝑡𝑘+1] then

11:  Update system matrices

12:  Recompute (or select) (𝐴𝑑 , 𝐵𝑑 , 𝐶𝑑 , 𝐷𝑑 ) for the new switch 

configuration

13:  Half-step correction

14:  Re-apply half-step correction with updated matrices

15:  end if

16:  Solve system state-space formulation

17:  Propagate state and outputs, e.g.

𝑥[𝑘+1] = 𝐴𝑑 𝑥[𝑘] + 𝐵𝑑 𝑢[𝑘], 𝑦[𝑘] = 𝐶𝑑 𝑥[𝑘] +𝐷𝑑 𝑢[𝑘]

18:  Outputs: report/store 𝑦[𝑘]
19: end for
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Algorithm 2 DQsym Multiplication Block.

Require: Input signals 𝑥, 𝑦 in 𝐷𝑄sym representation (up to harmonic 

order 𝑛)

Ensure: Output signal 𝑧 in 𝐷𝑄sym representation

1: Step 1: Transformation to phase domain

2: Convert 𝑥 and 𝑦 from 𝐷𝑄sym to 𝐴𝐵𝐶 coordinates

3: Step 2: Harmonic decomposition

4: for 𝑘 = 0 to 𝑛 do

5:  Extract cosine and sine Fourier coefficients:

𝑥𝑘 = (𝑎𝑥𝑘, 𝑏
𝑥
𝑘), 𝑦𝑘 = (𝑎𝑦𝑘, 𝑏

𝑦
𝑘)

6: end for

7: Step 3: Coefficient multiplication

8: for 𝑘 = 0 to 𝑛 do

9:  Compute product coefficients:

𝑎𝑧𝑘 = 𝑎𝑥𝑘𝑎
𝑦
𝑘 − 𝑏𝑥𝑘𝑏

𝑦
𝑘

𝑏𝑧𝑘 = 𝑎𝑥𝑘𝑏
𝑦
𝑘 + 𝑏𝑥𝑘𝑎

𝑦
𝑘

10: end for

11: Step 4: Back transformation

12: Reconstruct 𝑧 in 𝐴𝐵𝐶 domain from {𝑎𝑧𝑘, 𝑏
𝑧
𝑘}

13: Transform result from 𝐴𝐵𝐶 back to 𝐷𝑄sym

14: return 𝑧

Algorithm 3 Transformation from 𝐷𝑄sym to 𝐴𝐵𝐶 (up to harmonic 

order 𝑛).

Require: Input signal in 𝐷𝑄sym format up to harmonic order 𝑛:

𝑋𝑝,𝑛,𝑧
𝑑𝑞 =

⎡

⎢

⎢

⎣

𝑥𝑝(0) ⋯ 𝑥𝑝(𝑛)
𝑥𝑛(0) ⋯ 𝑥𝑛(𝑛)
𝑥𝑧(0) ⋯ 𝑥𝑧(𝑛)

⎤

⎥

⎥

⎦

Ensure: Output signal 𝑥𝑎𝑏𝑐  in 𝐴𝐵𝐶 format

1: Transformation (𝐷𝑄sym → 𝐴𝐵𝐶)

2: Compute

𝑥𝑎𝑏𝑐 ← 𝑇 −1
𝑝𝑛𝑧

{

𝑋𝑝,𝑛,𝑧
𝑑𝑞

}

3: return 𝑥𝑎𝑏𝑐

Converter and power electronics blocks. Power electronic converters are 

currently represented by a modular multilevel converter (MMC). The 

model is implemented using a discrete-time representation. Electrical 

ratings, control parameters, and operating conditions are defined 

through block parameters. Inputs include DQ-frame voltages, currents, 

and control signals. Outputs are computed using the system matri­

ces. This formulation can be extended to other averaged converter

models.

State-space block. The state-space block provides a general way to 

implement dynamic component models. It can represent converters, net­

work elements, and control systems described by differential equations.

Block inputs include 𝐷𝑄𝑠𝑦𝑚-formatted electrical variables, control 

signals, and disturbances. Outputs include state variables and com­

puted electrical quantities. Internally, the model uses a discrete-time 

state-space formulation.

The block also handles switching events by updating system matrices 

mid-step, as described in Algorithm 1. Switching behaviour is thereby 

modelled consistently.

Mathematical operations blocks. Mathematical operation blocks 

provide the numerical functions required for dynamic phasor modelling, 

including matrix multiplication, integration, and harmonic interac­

tion calculations. All operations preserve the 𝐷𝑄𝑠𝑦𝑚 signal format 

throughout. Algorithm 2 presents the multiplication process.

Measurement and post-processing blocks. Post-processing blocks convert 

𝐷𝑄𝑠𝑦𝑚 signals into time-domain waveforms. These can be visualised, 

logged, or compared with EMT simulations. Algorithm 3 describes the 

transformation to the 𝑎𝑏𝑐 frame. Measurement blocks, such as Mux and 

Demux, support signal routing and integration with standard Simulink 

components.

2.2.2 . Installation, simulation execution and result handling

𝐷𝑄𝑠𝑦𝑚 provides a unified simulation and data handling procedure. 

Simulations are executed using standard Simulink solvers, and selected 

signals are logged during runtime. After simulation, results can be trans­

formed to the 𝑎𝑏𝑐 reference frame and stored as structured MATLAB 

variables.

The framework integrates with MATLAB/Simulink visualisation 

tools, enabling intuitive analysis of system behaviour. Post-processing 

can be performed using standard MATLAB functions, including FFT-

based analysis. Installation is performed by running the MATLAB script

addlib.m, located in the 𝐷𝑄𝑠𝑦𝑚 library folder, which adds the toolbox 

to the MATLAB path and registers the library in the Simulink Library 

Browser.

The modelling approach assumes that users can obtain a discrete-

time state-space representation of the system. Version 1.0 includes an 

averaged MMC model. More detailed converter models require addi­

tional development. Generator models with mechanical dynamics are 

not currently supported.

The main goal of 𝐷𝑄𝑠𝑦𝑚 is not to reduce simulation time compared 

to electromagnetic transient (EMT) models. Although this approach may 

increase computational effort compared to simplified models, it provides 

improved modelling accuracy and analytical flexibility. The main ad­

vantage of 𝐷𝑄𝑠𝑦𝑚 lies in linking harmonic modelling and system-level 

stability analysis within a single framework.

2.2.3 . Dependencies and environment

The 𝐷𝑄𝑠𝑦𝑚 library is developed and tested using MATLAB R2024a. 

Core functionality relies on Simulink and Simscape Electrical. Additional 

toolboxes, including the Signal Processing Toolbox and DSP System 

Toolbox, are required for specific functions. The library has been tested 

on Windows 11. No platform-specific features are used. Compatibility 

with Linux and macOS is expected, although it has not been formally 

validated.

3 . Illustrative examples

𝐷𝑄𝑠𝑦𝑚 library includes several example models for demonstration 

and validation. The provided examples comprise a simple RLC system, a 

point-to-point HVDC system, and an IEEE 9-bus system extended with a 

point-to-point HVDC link to form a hybrid AC/DC network. Additional 

implementation details, including step-by-step model construction and 

block-level descriptions, are available in the user manual provided with 

the open-source repository.

3.1 . Multiplication of harmonic-rich signals

This example illustrates the multiplication of two harmonic-rich 

signals, each containing components up to the 5th harmonic order. 

An additional independent 10th-order component is added, as defined 
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Fig. 2. Overview of the multiplication and measurement blocks in both the SPS and the 𝐷𝑄𝑠𝑦𝑚 libraries.

Fig. 3. Multiplication block validation using the 𝐷𝑄𝑠𝑦𝑚 library. Time-domain comparison with EMT results and FFT-based spectral Output confirms consistency in 

harmonic content and THD values.

in (4). The implementation using 𝐷𝑄𝑠𝑦𝑚 blocks and the corresponding 

EMT-based MATLAB/Simulink reference model is shown in Fig. 2. This 

example serves as a minimal validation case.

The multiplication stage introduces harmonic coupling terms con­

sistent with sum- and difference-frequency interactions (|ℎ1 ± ℎ2|). The 

time-domain waveforms obtained from 𝐷𝑄𝑠𝑦𝑚 closely match the EMT 

reference, as shown in Fig. 3, confirming correct harmonic indexing and 

alignment.

FFT spectral analysis shows full agreement between both approaches 

across all measured frequency components, including cross-coupled 

terms. The 50 Hz fundamental magnitude (3.349) and total harmonic 

distortion (THD = 160.79%) are identical in both cases, confirm­

ing the numerical consistency of the multiplication and measurement 

blocks and the fidelity of the dynamic phasor framework in representing 

nonlinear harmonic interactions.

𝐙𝐃𝐐𝐬𝐲𝐦 = 𝐗𝐃𝐐𝐬𝐲𝐦 × 𝐘𝐃𝐐𝐬𝐲𝐦 + 2 × 𝐘𝟐𝐃𝐐𝐬𝐲𝐦

=

(

⎡

⎢

⎢

⎣

0 −0.88 + 0.40𝑖 −0.01 + 0.00𝑖 −0.12 − 0.12𝑖 −0.34 − 0.13𝑖 −0.89 − 0.09𝑖
0 0.04 − 0.69𝑖 −0.11 − 0.65𝑖 0.47 + 0.87𝑖 −0.66 + 0.34𝑖 0.40 + 0.58𝑖
0 −0.24 − 0.36𝑖 0.41 + 0.34𝑖 −0.21 + 0.16𝑖 0.30 + 0.30𝑖 −0.92 − 0.24𝑖

⎤

⎥

⎥

⎦

×
⎡

⎢

⎢

⎣

0 0.08 − 0.25𝑖 0.06 + 0.08𝑖 −0.80 + 0.57𝑖 0.63 − 0.17𝑖 0.55 + 0.51𝑖
0 0.06 − 0.48𝑖 0.06 + 0.16𝑖 0.35 + 0.51𝑖 −0.90 + 0.24𝑖 −0.24 + 0.47𝑖
0 −0.06 + 0.39𝑖 −0.13 + 0.29𝑖 0.20 + 0.32𝑖 0.02 − 0.24𝑖 −0.44 + 0.32𝑖

⎤

⎥

⎥

⎦

+ 2 ×
⎡

⎢

⎢

⎣

0 0.6 + 0.1𝑖 0.7 − 0.5𝑖 −0.5 − 0.3𝑖 −0.1 − 0.2𝑖 0.4 + 0.1𝑖 −0.2 − 0.2𝑖 ⋯
0 0.3 − 0.9𝑖 0.4 + 0.5𝑖 0.4 + 0.3𝑖 −0.3 − 0.3𝑖 −0.5 + 0.2𝑖 −0.4𝑖 ⋯
0 0.3 − 0.7𝑖 0.1 + 0.2𝑖 0.7 0.1 + 0.2𝑖 0.4 − 0.9𝑖 −0.4 ⋯

⎤

⎥

⎥

⎦

)

(4)
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Table 2 

MMC Station Data.

Parameter & Description Value

𝑆𝑏: Base power 1000 MVA

𝑅arm: Arm resistance 166 mΩ
𝑅G: Equivalent transformer resistance 400 mΩ
𝑅L: Equivalent load resistance 240 Ω
𝐿arm: Arm inductance 52.94 mH

𝐿G: Equivalent transformer inductance 52 mH

𝐶: Submodule capacitance 1.758 mF

𝑁 : Number of submodules 216

𝜔𝑔 : Fundamental grid frequency 2𝜋 ⋅ 50 rad/s

𝑉DC: Rated DC voltage 640 kV

𝑉PCC: PCC voltage 400 kV

3.2 . MMC station

A single MMC station serves as the reference system for software 

validation. A model is developed in MATLAB/Simulink using the 

𝐷𝑄𝑠𝑦𝑚 library and benchmarked against a high-fidelity reference 

implementation. The MMC is modelled in state-space form, with arm 

capacitor voltage dynamics derived from Kirchhoff’s current law and ex­

pressed in terms of the circulating current, grid current, and modulation 

signals:

𝑑𝑢Σ𝑐𝑝
𝑑𝑡

=
(

𝑖𝑐 +
𝑖𝑔
2

) 𝑚𝑝

𝐶arm

,
𝑑𝑢Σ𝑐𝑛
𝑑𝑡

=
(

𝑖𝑐 −
𝑖𝑔
2

)

𝑚𝑛
𝐶arm

.

All state variables are expressed in dynamic phasor form within 

the DQsym framework, retaining fundamental-frequency and harmonic 

components in a unified formulation. The controller encompasses ac­

tive and reactive power regulation and circulating current suppression, 

with all signals processed directly in the DQsym domain. The station 

parameters are listed in Table 2.

3.2.1 . Comparison of 𝐷𝑄𝑠𝑦𝑚 and EMT simulations

Figs. 4 and 5 compare EMT and 𝐷𝑄𝑠𝑦𝑚 results for voltage, current, 

arm currents, and harmonic spectra. Results are transformed to the 𝑎𝑏𝑐
frame for comparison.

Phase-𝑎 PCC voltage and grid current show close agreement be­

tween both models. The maximum voltage deviation is approximately 

50 V, corresponding to 0.015% of the nominal value. The maximum cur­

rent deviation is 10 A (0.69%), indicating strong consistency. Following 

a step change in active power, both models exhibit similar transient 

responses and quickly reach steady state. Arm current comparisons 

Fig. 5. Frequency-domain comparison of harmonic spectra obtained from EMT 

and 𝐷𝑄𝑠𝑦𝑚 simulations.

also show strong agreement, with transient deviations of approximately 

±0.16 kA and negligible steady-state error.

Frequency-domain analysis confirms matching spectra across all 

components. The fundamental is identical between both models, while 

small THD differences arise from truncation at the fifth order in the 

𝐷𝑄𝑠𝑦𝑚 formulation—a deliberate modelling choice, not an inherent 

limitation of the framework.

4 . Impact

𝐷𝑄𝑠𝑦𝑚 provides a practical, block-based modelling approach for 

AC/DC power systems, combining harmonic-accurate simulation with 

direct integration into control design workflows. Implemented as a struc­

tured library in MATLAB/Simulink, it enables system-level studies that 

capture dynamic behaviour and harmonic components while remaining 

compatible with standard engineering tools and workflows.

Intended users include those involved in the planning, operation, 

and control design of converter-based power systems, including trans­

mission system operators (TSOs) and industrial practitioners. 𝐷𝑄𝑠𝑦𝑚
supports scalable studies of converter interactions, harmonic propa­

gation, and control performance in interconnected AC/DC networks. 

Clear algebraic rules for dynamic phasor operations—such as multiplica­

tion, integration, and summation—are formulated to be consistent with 

Fig. 4. Comparison of EMT and 𝐷𝑄𝑠𝑦𝑚 simulations for PCC voltage, grid current, and arm currents during step changes.
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the state-space structure. Its Simulink-based implementation enables 

integration with existing MATLAB/Simulink environments, support­

ing design evaluation, parameter studies, and controller testing within 

existing environments.

As an extensible library, 𝐷𝑄𝑠𝑦𝑚 promotes transparent and repro­

ducible model development. It therefore serves as a practical tool for 

both academic research and industrial applications, supporting the in­

creasing complexity of modern power systems with a growing share of 

power-electronic converters.

5 . Conclusion and future work

This paper presents a validated MATLAB/Simulink library for dy­

namic phasor-based simulation of power systems while preserving a 

state-space formulation. The library is implemented entirely within 

the MATLAB/Simulink environment and is designed for seamless in­

tegration into established Simulink modelling workflows. It provides a 

collection of reusable masked components implemented using MATLAB 

Function blocks and compatible with Simulink elements. The avail­

able components include source models, mathematical operation blocks, 

state-space formulation blocks, and measurement and post-processing 

blocks.

A clear, structured description of each block is provided, detail­

ing both its underlying implementation and its functional role within 

the overall modelling framework. A key contribution is the standard­

ised input–output interface shared across all blocks, which supports 

multiple rotating DQ reference frames. This feature enables the simul­

taneous representation of multiple harmonic orders within a single 

simulation run, significantly enhancing the capability to analyze spectral 

coupling in converter-dominated networks. The state-space formula­

tion directly supports frequency-domain stability analysis, requiring no 

model reformulation.

To demonstrate the functionality and modelling principles of the 

𝐷𝑄𝑠𝑦𝑚 library, two illustrative examples are presented: a simple mul­

tiplication test case and a single-station MMC with full control. These 

examples demonstrate the modelling accuracy and harmonic-capture ca­

pability of the 𝐷𝑄𝑠𝑦𝑚 formulation. Simulation results obtained with the 

𝐷𝑄𝑠𝑦𝑚 library closely match those of benchmark models constructed 

with conventional MATLAB/Simulink blocks, yielding overlapping time-

domain responses.
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