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Abstract—PSCAD, as an early power system analysis 

software, has accumulated a large number of simulation cases, 

while ADPSS is an independently developed all-digital real-time 

simulation system in China, characterized by high cost-

effectiveness and good scalability. With the expanding 

application range of ADPSS, the demand for modeling is 

increasing. However, manually converting existing PSCAD 

models to ADPSS models is inefficient and prone to errors. To 

address this issue, this paper proposes an automatic topological 

conversion method for electromagnetic transient models from 

PSCAD to ADPSS. This method utilizes the topological 

relationships of PSCAD projects to establish connections between 

primary and secondary components in ADPSS, employing a 

depth-first search algorithm to construct electrical islands and 

resolve the reference voltage of busbars. Finally, the correctness 

of the proposed method is verified through standard test cases 

from Cigre.  

Keywords—PSCAD/EMTDC, ADPSS, electromagnetic 

transient simulation 

I. INTRODUCTION  

ADPSS is a large-scale all-digital real-time simulation 
device for power systems developed independently in China. It 
can achieve real-time simulation of electromechanical 
transients and hybrid power systems[1]. PSCAD/EMTDC is a 
widely used electromagnetic transient simulation software[2]. 
It was developed by Manitoba Hydro in Canada and is 

internationally recognized for its accuracy[3]. With the 
maturity of the electromagnetic transient software in ADPSS, 
the demand for its application is continuously increasing. 
However, the workload of establishing and converting models 
between the two software is enormous and prone to errors. 
Therefore, developing an automatic conversion platform to 
simplify the model conversion between PSCAD/EMTDC and 
ADPSS can significantly reduce manual intervention and 
improve simulation efficiency. 

Currently, there are various types of power system 
simulation and analysis software, each with different 
application areas. Research on the interfaces and model 
development between different software is continuously 
underway. References [4-5] propose a method for converting 
BPA models to PSCAD/EMTDC models. Reference [4] 
primarily compares the steady-state and dynamic 
characteristics of various commonly used electrical 
components and AC/DC hybrid systems in BPA and 
PSCAD/EMTDC, and proposes a method for converting 
component parameters from BPA to PSCAD/EMTDC. 
Reference [5] focuses on the conversion of BPA engineering 
model topology to PSCAD/EMTDC engineering model 
topology based on the node-branch incidence matrix and the 
depth-first search algorithm from graph theory. The literature 
[6] proposed a method for converting PSCAD models to 
ADPSS models. However, it requires generating and parsing 
an intermediate file in XML format, and it does not achieve the 
conversion of secondary component topology, nor can it 
interpret bus reference voltage. The literature [7] achieved the 
comparison and data conversion between BPA and the 
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DIgSILENT dynamic model. It utilized a transient data 
conversion program written in Python, supported by 
DIgSILENT, to implement data matching. The automatic 
conversion system from PSCAD/EMTDC to ADPSS is still 
under development. 

To solve this problem, this paper investigates an automatic 
conversion system for electromagnetic transient models 
between PSCAD/EMTDC and ADPSS. Based on the current 
demand for model conversion, it aims to achieve the topology 
conversion of electromagnetic transient models. First, by 
analyzing the connection relationships of the components, the 
positions of the buses in the PSCAD model are identified, 
resulting in the topology information of the model.Next, a 
depth-first search algorithm is used to construct the electrical 
island and determine the reference voltage for each bus.Finally, 
based on the previous discussions, C++ is used to develop 
automatic conversion software from PSCAD to ADPSS in 
Visual Studio 2019. The correctness of the conversion results 
is tested using standard examples from Cigre. The simulation 
results indicate that the proposed method for topology 
conversion from PSCAD to ADPSS is feasible. 

II. TOPOLOGY ANALYSIS OF ELECTROMAGNETIC 

TRANSIENT MODELS 

In the ADPSS environment, to make the circuit diagram 
topology clearer, each component must be connected via bus 
elements. In contrast, in PSCAD, components can be 
connected directly using wires. Therefore, during the 
conversion process from PSCAD models to ADPSS models, it 
is necessary to perform topology analysis on the PSCAD 
electromagnetic transient model. This allows for determining 
the topological relationships of each component within the 
circuit, as well as the positions and orientations of the various 
buses. 

Since the components in PSCAD are interconnected by 
connection lines or directly, this report first analyzes the 
coordinates of each component and the endpoints of the 
connection lines to determine the connectivity between each 
component and each node. Subsequently, it traverses all nodes 
to preliminarily assess whether they are buses based on their 
topological relationships. After the initial screening for buses, 
all component endpoints are examined: if an endpoint is not 
connected to a bus, the algorithm searches along the 
connection lines for a bus based on the node's topological 
relationships. If no bus is found, a new bus is added between 
the two components. At this point, all component endpoints are 
connected to buses. To avoid the situation where both ends of a 
connection line are connected to a bus, all connection lines are 
traversed, and if such a case is encountered, the two buses are 
merged. 

A. Primary System Topology Conversion 

The specific process for the topology handling of primary 
elements is shown in Fig 1. 

Based on the topological connection relationships analyzed 
in the previous section, the connection status of each port for 
each component can be obtained. First, traverse the ports of the 
components and determine the connection method based on the 

busid connected to each port, taking the corresponding actions 
as shown in (1). 

Begin

Connected to the 

corresponding bus

End

Traverse component 

ports

Busid of port k?

connected to the 

grounding component

Busid=-1

Busid 0

Busid=-2

Port is floating,

 not connected

Has the traversal 

ended?

Yes

Read the connection 

status of port k

No

k=k+1

 
Fig. 1. Flowchart for the topology processing of primary elements  
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Fig 2 shows the result of the primary system topology 
transformation: 

 
(a) PSCAD model to be converted 

 
(b)ADPSS topology transformation result 

Fig. 2. Comparison diagram of the primary system model topology before 

and after transformation  

Fig. 2(a) shows the PSCAD project to be converted, while 
Fig. 2(b) displays the converted ADPSS project. A comparison 
reveals that the topological relationships in the PSCAD project 
remain correct before and after conversion, demonstrating the 
validity of the method proposed in this section. 

B. Secondary System Topology Transformation 

In ADPSS, secondary components do not need to be 
connected through a bus; they can be directly connected based 

932
Authorized licensed use limited to: North China Electric Power University. Downloaded on August 17,2026 at 06:16:21 UTC from IEEE Xplore.  Restrictions apply. 



 

 

on the analyzed connection relationships between the input and 
output ports of the components. However, in ADPSS, an input 
port can only be connected to one output port, while an output 
port can be connected to multiple input ports. Therefore, when 
multiple input ports are connected to a single output port, it is 
necessary to find the component port on the bus with the port 
type "Output" and connect that port to the input ports of other 
components with the port type "Input." 

 
(a) PSCAD model to be converted 

 
(b) ADPSS topology transformation result 

Fig. 3. Comparison diagram of the primary system model topology before 

and after transformation  

Fig. 3(a) shows the PSCAD project to be converted, while 
Fig. 3(b) displays the converted ADPSS project. A comparison 
indicates that the topological relationships in the PSCAD 
project remain correct before and after conversion, 
demonstrating the validity of the secondary system topology 
conversion method proposed in this section. 

III. BUS FUNDAMENTAL VOLTAGE PROCESSING METHOD 

BASED ON DEPTH-FIRST SEARCH ALGORITHM 

Through topology analysis, the bus locations can be 
determined; by analyzing the phase of the component terminals, 
the bus types can be identified. However, the reference voltage 
of the bus has not been obtained. Considering the connection 
characteristics of components in ADPSS and the fact that only 
a few components in PSCAD are characterized by reference 
voltage, this paper employs a depth search algorithm to analyze 
the bus voltage. 

A. Depth-First Search Algorithm 

Depth-First Search (DFS) prioritizes depth during traversal, 
exploring to the endpoints of a tree before backtracking[8].If 
all vertices in the given graph have not been visited, a random 
vertex is selected as the starting point. The Depth-First Search 
algorithm can be defined as follows: First, start from vertex vi 
and mark it as visited. Second, randomly select an adjacent 
vertex vj of vi. If vj has not been visited, continue the search 

with vj as the new starting point. This process constitutes the 
depth-first search[9]. If we denote the access sequence of DFS 
as S, then it is represented as shown in (2). 

 
1 2[ , ,..., ]nS v v v=  (2) 

Here, vi represents the nodes accessed in the order of DFS. 

It is evident that the Depth-First Search method is 
implemented through recursion, which aligns well with the 
principles of computer programming. Because it searches as 
deeply as possible before backtracking, it is referred to as 
depth-first search[10]. For example, in the depth-first search 
method, after visiting vertex vi, the next step will be to search 
for an unvisited edge (vi,vj). If vertex vj has already been visited, 
it will return to vi and choose another unvisited edge from vi. If 
vertex vj has not been visited, it will follow this edge from vi to 
vj, visit vj, and mark it as visited. Then it will start searching 
from vj using the same method as with vi, continuing until all 
paths starting from vj have been explored before backtracking 
to vertex vi. Finally, it will search for another unvisited edge 
from vi and repeat the process until all edges originating from 
the starting point vi have been checked. At this point, if vi is not 
the initial starting point, it will backtrack to the previously 
visited vertex before vi; if vi is the initial starting point, the 
entire search process ends. 

In an undirected graph, we can denote the connected 
components accessed by DFS as C: 

 { ( ) }      C v U DFS v is reachable fromu=  ∣  (3) 

Here, v is an arbitrary node. 

If the search process starting from a source point in a 
connected undirected graph or a strongly connected directed 
graph comes to an end, it means that a complete traversal of 
that component of the graph has been finished. However, in the 
case of a disconnected undirected graph or a non-strongly 
connected directed graph, a single traversal starting from a 
source point can only access one connected component of the 
graph. Therefore, it is necessary to traverse each connected 
component in order to completely explore a disconnected 
graph. The definition of the path length from the starting node 
s to the target node t in the graph is given by (4). 

 ( ) 1

1

, ( , )
k

i i

i

L s t d v v +

=

=  (4) 

For the undirected graph, the traversal process of a depth-
first search starting from vertex vi is shown in Fig. 4. 

v1

v2

v6

v3

v5

v4

 

Fig. 4. Comparison diagram of the primary system model topology before 

and after transformation  
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When traversing a graph using the depth-first search 
algorithm, the depth-first search traversal sequence is the 
sequence obtained by the order in which the vertices are visited. 
The access sequence of a graph is not unique; it depends not 
only on the algorithm but also on the data structure used for the 
vertices and the choice of the starting point. 

The complexity of the depth-first search algorithm is 
mainly divided into time complexity and space complexity. Let 
the number of nodes be V and the number of edges be E. In the 
worst-case scenario, each node will be visited once, and each 
edge will be crossed once. Therefore, the time complexity T(n) 
is given by (5). 

 ( ) ( ) ( )T n O V O E= +  (5) 

In terms of space complexity, the depth-first search (DFS) 
requires additional storage in the form of a stack to keep track 
of path information. In the worst case, if backtracking to all 
nodes in the graph is necessary, the space complexity S(n) is 
given by equation (6). 

 ( ) ( )=S n O V  (6) 

B. Electrical Island Based on Depth-first Search Algorithm 

In a circuit, there are three types of components that can 
determine the rated voltage: generators, voltage sources, and 
transformers. The reference voltage of the bus connected to the 
generator is the rated voltage of the transformer, while the 
reference voltage of the bus connected to the voltage source is 
the rated voltage of the voltage source. The reference voltages 
of the buses connected to the primary and secondary sides of 
the transformer are the rated voltages of the primary and 
secondary sides, respectively. Starting from these three types 

of components—generators, voltage sources, and transformers

—in that order, the reference voltages of the connected buses 

are analyzed. Buses that have already been analyzed will not be 
analyzed again. The search for a particular branch stops when 
encountering a transformer component or a grounding element. 
An electrical island is defined based on the analysis results, 
starting from components that can determine the rated voltage, 
and continues until all branches connected to it are analyzed. 
All components and buses within these branches together form 
an electrical island, where the voltage levels of the components 
in the same electrsical island are the same. 

For example, Generator 1 has a rated voltage of 10 kV, and 
Generator 2 has a rated voltage of 35 kV. The reference 
voltage of the bus connected to Generator 1 is the same as that 
of Generator 1. An electrical island A is created, and the bus 
and components are included in this electrical island. Then, a 
deep search is initiated from this bus to find other buses 
connected to it, and all connected buses and components are 
saved within electrical island A. Buses that have already been 
analyzed will not be analyzed again, and the search for a 
particular branch stops when encountering a transformer 
component or a grounding element. After completing the 
search starting from Generator 1, the process continues by 
using Generator 2 as the starting point to analyze the reference 
voltage of the bus. Again, previously analyzed buses will not 
be re-evaluated, and the search stops when encountering a 
transformer component. 

C. Handling Special Cases 

Since the electrical islands in Section 3.2 are limited to 
single subcircuits, there may be cases where certain subcircuits 
lack components that can determine the rated voltage. 
Therefore, after completing the generation of electrical islands 
for each circuit, it is necessary to handle the components in 
subcircuits without a determined reference voltage. 

The connection between subcircuits and higher-level 
circuits is achieved through the ports of subcircuit components 
and external node components (xnode) within the subcircuit. 
Thus, the external nodes can be utilized to address the 
connection relationship between the subcircuit and the higher-
level circuit, managing the bus reference voltage between the 
xnode and the island. For electrical islands without a bus 
reference voltage, a depth-first search algorithm can be used, 
starting from the external nodes and subcircuit components 
within the electrical island to analyze the bus reference voltage. 

For example, if electrical island B within main circuit A 
does not contain any components that can determine the rated 
voltage, but there exists a port D of main circuit component C 
within electrical island B. Then, a depth-first search is initiated 
starting from subcircuit component C to find the corresponding 
xnode component 1 for port D in subcircuit C. If the reference 
voltage of island E, where component 1 is located, is 35 kV, 
then the reference voltage of island B will be set to the 
reference voltage of island E. If island E also lacks a 
determined reference voltage, the search continues from island 
E to find either main circuit components or unresolved xnode 
components until an island with a defined reference voltage is 
encountered. 

By utilizing a depth-first search algorithm to analyze the 
connections between subcircuits, external node components, 
and islands, the reference voltages can be assigned to all 
electrical islands within the circuit, thus obtaining the reference 
voltages for all components and nodes. When generating the 
bus, the reference voltage of the bus can be determined based 
on the reference voltage of the nodes it corresponds to or the 
components it connects to. 

IV. ANALYSIS OF CONVERSION RESULTS 

This paper uses C++ language to build an automatic 
conversion system between PSCAD and ADPSS models based 
on Visual Studio 2019, and tests the conversion results using 
Cigre standard test cases. 

The case involves a monopole 500 kV, 1000 MW DC 
transmission system, with both the rectifier and inverter sides 
utilizing 12-pulse converters, connected to a weak AC system 
(with a short-circuit ratio of 2.5 at a frequency of 50 Hz). This 
system is widely used for testing DC systems. In this test case, 
voltage and current display elements for DC and AC lines were 
added to the rectifier and inverter sides in PSCAD to verify the 
correctness of the simulation results before and after model 
conversion. Figures 7 and 8 show the main circuit diagrams of 
the Cigre standard test case before and after conversion. 

Fig. 5 illustrates the connectivity diagrams of the Cigre-
Benchmark model before and after conversion. A comparison 
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of the images shows that the network connectivity remains 
consistent before and after the conversion. 

 
(a) Topology of the Cigre Test Case Circuit in PSCAD 

 
(b) Topology of the Cigre Test Case Circuit in ADPSS 

Fig. 5. Topology Comparison Diagram Before and After Cigre Example 

Conversion. 
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(a) DC Voltage Image 
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(b) DC Current Image 

Fig. 6. DC Voltage and Current Comparison Diagram Before and After 

Conversion. 

Fig. 6 shows the comparison of DC voltage and current 
waveforms before and after conversion. From the figure, it can 
be observed that the simulation trends of PSCAD and ADPSS 
are basically consistent, indicating that the dynamic responses 
of the two networks are similar. This further validates the 
consistency of the two cases and demonstrates the feasibility of 

the proposed model conversion method in engineering 
applications. 

V. CONCLUSION 

This paper proposes a method for converting model 
topology from PSCAD to ADPSS. By analyzing the 
differences in component connections between PSCAD and 
ADPSS, the connections of components in the PSCAD model 
are resolved, resulting in the extraction of topological 
information. This method enables the integration of primary 
and secondary systems. Additionally, a depth-first search 
algorithm is employed to construct electrical islands and 
determine the reference bus voltages. Finally, an automatic 
conversion system from PSCAD to ADPSS is built in Visual 
Studio, and the feasibility of the proposed method is 
demonstrated using Cigre standard test cases. 
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