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ABSTRACT

This paper reports the development of a
substation training simulation system. The
simulation system operates on the basic of
the combination of three software including
Vijeo Designer, Unity Pro and Matlab. The
first two software are used to simulate the
Human Machine Interface (HMI) and Remote
terminal Unit/Programmable Logic Controller
((RTU/PLC), respectively. The third software,
Matlab, calculates parameters of different

operating conditions of the substation. The
system has been designed as a training
device which allows users to gain hands on
experience in relation to substation operation.
It is also used as a tool to assess and
enhance the skills of current substation
operators. This simulation system is the first
of its kind to be developed and applied in
Vietnam.
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1. INTRODUCTION

Operation of a substation is one of the central
and important activities of power system
operation, in which a misoperation of an
unqualified operator may lead to a serious fault in
the power system. Therefore, the training of
operators who can operate properly a substation is
a critical. This is not only to ensure the safety of
personnel and equipment but also to guarantee
reliability of the power system. However, due to
the continuity and importance in the electricity
production, the training to the trainee cannot be

performed on the actual system, and creating man-
made accidents to help the trainee to observe and
handle is absolutely prohibited.

The training of substation operators in
Vietnam, so far, is mainly based on traditional and
passive education, i.e., learners gain knowledge in
relation to substation operation through the
teaching of instructors using textbooks and other
documents. The learners cannot practice and
apply their knowledge in a practical substation
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due to the requirement to ensure uninterrupted
power supply and avoid damaging equipment.
The key drawback of this training system is that
the learners cannot gain any experience related to
operation of a practical substation. Therefore, the
simulation system is one of the best methods to
cater for the training of substation operators.

Simulation is an effective research and
training method. It has been applied in various
fields and achieved much success. In the aviation
sector [1-2], for example, the simulation has been
used for training pilots, testing routes, improving
existing design. A typical example of using
simulation technique is that of using a virtual
cockpit to simulate gold routes [3]. In the area of
drivers training [4-5], the teaching programs
based on simulation technique implemented in
Vietham have been put into use to improve
teaching quality and reduce the learning time [6-
7].

The advantage of simulation is the flexibility
to set up the conditions as well as vary parameters
which are unlikely or difficult to perform in reality
due to the constraints of safety operation. The
other advantage is that of avoiding any damage to
expensive equipment due to wrong action.
Therefore, the application of simulation in power
system has been researched and developed. In
training of power system operation, the first
simulation application was in power plants [8-9]
and then the simulations have been extended to
substations [10-14].

The above mentioned simulation models
were a combination of hardware and software, in
which control panels are the real ones containing
buttons, switches and meters while parameters
displaced in the control panels are calculated
using appropriate software [9-10]. By using this
model, the users can perform manipulations
directly similar to operation of the real system.
However, the cost of hardware is not cheap and
the hardware requires the space to be installed.

Moreover, there is still possibility of equipment
failure due to malfunction. Therefore, the models
of this type have gradually replaced by models
based purely on PC and software.

In software-based models, all substation
devices including the control screen, protection
screen, single-line diagram and so on are
simulated by software, and operation of
equipment such as transformers, busbars,
disconnecting  switches,  circuit  breakers,
capacitors are also completed by the
corresponding software of the computer.

The objective of the present paper is to
develop a software-based substation training
simulation system, which, for the first time,
combine three different software including Vijeo
Designer, Unity Pro and Matlab to simulate the
operation of a substation. Vijeo Designer is a
state-of-the-art software application that allows to
create Human Machine Interfaces (HMI). It also
provides all the tools needed to design a project,
from the acquisition of data to the creation and
display of animated drawing. Unity Pro is a
powerful  programming software for a
programmable logic controller (PLC). It supports
PLC simulation with the tool of PLC/Simulation
Mode. Matlab is used as programming software to
calculate the parameters of substation in different
operating conditions. The simulation system can
be used to train future substation operators as well
as assess and improve skills of current substation
operators. It can also be used by researchers in the
area of substation operation.

2. PRACTICAL
OPERARTION

The operation of a practical substation
nowadays is based on supervisory control and
data acquisition (SCADA) system. Structure of a
mini SCADA applied for operating a substation is
given in Fig. 1 below.

SUBSTATION
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The SCADA system for operation of a
substation consists of three basic parts: Human
Machine Interface (HMI), Remote Terminal Unit
(RTU) and main equipments of substation.

Fig. 1: Structure of simple SCADA system

HMI provides an interface between users and
machine. At the substation, this is the operating
screen showing the single-line diagram of the
substation, the online operating parameters, the
switching status, alerts, operating history. This
also provides functions of manipulation and
control on the screen. The HMI runs on the
computer at the substation. The HMI connects
directly, or via a switch, to the RTU.

RTUs are terminals for signal communication
and control equipment. They communicate and
transfer signals between the HMI and equipment
of the substation. In practice, Programmable
Logic Controller (PLC) is used to work as RTU.
For this reason, it is referred to as RTU / PLC.

Main equipment are power transformers,
busbars, switching devices such as Circuit
Breakers (CBs) and Disconnecting Switches
(DSs), measurement, control devices with
communication support for monitoring and
remote control. These devices are connected to the
RTU to communicate data and receive control

signals.
3. DESIGN OF TRAINING
SIMULATION SYSTEM FOR

SUBSTATION OPERATION

Against background of the operation of a
practical substation presented in Section 2, this
section describes the design of a training

simulation system for substation operation as
given in Fig. 2.

The design is based on the combination of
three specialized software which are Vijeo
Designer, Unity Pro and Matlab. All of them run
on only one computer. Three software play the
role of three parts of a substation operation
mentioned in Section 2.

MODBUS TCP/IP

Vijeo i
HMI .
Degsiner

Matlab

RTU/PLC

oPC

Fig. 2: Model for simulation of substation operation

The Vijeo Designer is used to design HMI
screen in which single-line diagram, online
operating parameters, close/open status of CBs
and DSs, position of transformer tap changers and
pop-up alarm/error massage are displayed. The
switch setting functions of the Vijeo Designer
allow to directly close/open CBs and DSs as well
as change the position of transformer tap
changers. The functions of animation help to show
the operating status of CBs and DSs as well as the
position of transformer tap changers. The history
of events, alarms and operating parameters can
also be created by using the tool of alarm of Vijeo
Designer. A typical HMI designed for simulation
of substation operation is illustrated in Fig. 3
below.
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Fig. 3: HMI developed for simulation of
substation operation

The Unity Pro is used for RTU / PLC
communication and signal processing using
PLC/Simulation Mode. Virtual PLCs provided by
Unity Pro, which are used in the design, can have
all functions of an actual PLC such as hardware
variables, connections and modules. The required
program used in substation operation simulation
can be developed using the standard of IEC61131-
3 and then loaded on the virtual PLCs. The main
function of PLC is signal processing for control
and communication between HMI and calculated
program such as Matlab.

Matlab is used to calculate online operating
parameters of the substation in different operation
conditions. The calculated operating parameters
such as voltages, currents, powers, and
transformer oil temperatures are displayed on the
HMI. In practical substations, these parameters
are displayed on meters whose inputs are
connected to instrumental transformers.

In order for the above software to
communicate to each other during the simulation
process the following communication modes have
been chosen. The communication between Vijeo
Design and Unity Pro is based on protocol of
Ethernet Modbus TCP/IP with default address of
the virtual PLC being of 127.0.0.1, Port 502.
Between Unity Pro and Matlab, the

communication is performed via OPC (Open
Process Control) of Matlab.

4. COORDINATION BETWEEN THREE
SOFWARE

As the design uses simultaneously three
software to simulate the substation operation, an
issue in relation to coordination between them has
to be addressed. This section presents the
coordination between Vijeo Designer (HMI),
Unity Pro (PLC) and Matlab.

The coordination between the three software
is illustrated in Fig. 4. Any manipulation such as
close/open of CBs and DSs can be done on HMI
using a mouse of PC. If the action is not
acceptable or not satisfied the condition of
interlock then the alarm/message is displayed on
the HMI; otherwise, the action leads to the
updating the values of variables and changing the
status of equipment related to the manipulation on
the HMI. The statuses of all equipment of the
substation are then transferred to the PLC of Unity
Pro. Through the read function of OPC, Matlab
obtains values of status variables from PLC and
then updates the statuses of all witching
equipment, modifies matrix Ybus of the system,
and calculates operating parameters. The
parameters such as voltage, current, power,
temperature are now written to PLC through the
write function of OPC, and displayed on the HMI.
In order to ensure the synchronization of the
whole simulation process, the calculation of
Matlab is repeated continuously, so that any
change in substation operating condition can be
calculated and updated on HMI.

5. PERFORMANCE OF TRAINING
SIMULATION SYSTEM FOR
SUBSTATION OPERATION

The design has been implemented and
installed on a PC. The substation used in the
simulation system consists of two power
transformers 110/22 kV, one 110 kV feeder, four
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22 kV feeders and two 22 kV capacitor banks. The
simulation system can be used to simulate not
only normal but abnormal conditions as well. In
normal condition modes, the users can energise or
disconnect transformer, feeder and capacitor bank
by closing or opening the corresponding CBs and
DSs. In order to regulate voltages, the users can
adjust the position of transformer tap changers.

? Vijeo Designer
Interlocking Jariables MODBUS Open/Close status

Update

RACH! MIEU

The HMI in a normal condition is given in Fig. 5.
In faulted conditions, a fault can be created by the
software. Under this fault, all relais which protect
the faulted element operate and corresponding
CBs are opened to isolate the faulted equipment
from the rest system. The HMI in faulted
condition is shown in Fig. 6.

Update status
variables

Update
equivalent circuit

Calculate
operating
parameters

Fig. 5: HMI for normal operating condition
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Fig. 6: HMI for abnormal operating condition

6. CONCLUSIONS

The software-based substation training
simulation system has been designed and
implemented to facilitate the training of substation
operators. The design, for the first time, combines
three different software including Vijeo Designer,
Unity Pro and Matlab to simulate the operation of
a substation. The designed simulation system can
be used to train effectively future substation
operators, assess and enhance skills of current

substation operators in the area of recognition and
prosessing faults. The simulation system can also
be adopted by reseachers in order to develop
substation operation procedure and fault
processing.
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TOM TAT

Bai bao trinh bay viéc xay dung hé théng
md phdng vén hanh tram bién ép. Hé théng
duoc thiét ké trén co sé phdi hop ba phan
mém bao gém Vijeo Designer, Unity Pro va
Matlab. Hai phdn mém d4u tién duwoc st dung
dé mé phdéng giao dién nguoi may (HMI) va
thiét bji dau cudi/bd diéu khién logic Iap trinh
(RTU/PLC), twong trng. Phdn mém thi ba,
Matlab, tinh todn thong sé cta cac ché dé van
hanh khac nhau cua tram bién &p. Hé théng

duoc thiét ké nhw thiét bi huan luyén cho
phép nguwoi str dung tich Iy kinh nghiém thuc
té lién quan dén van hanh tram bién &p. Hé
thdng ciing cé thé duroc st dung nhuw céng cu
dé danh gia va nang cao ky ndng cta cac vén
hanh vién dang védn hanh tram bién ap. Hé
théng mé phéng duoc trinh bay trong bai bao
la hé théng mé phdng vén hanh tram bién &p
l&n d4u tién duoc xdy dung va tng dung tai
Viét Nam.

Tur khéa: hé théng mé phdng huén luyén, véan hanh tram bién 4p, Unity Pro, Vijeo Designer.
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