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Standard on
Substation
Automation
The power industry is undergoing a digital
transformation, driven by the need for
enhanced efficiency, reliability, and security.
At the heart of this revolution lies IEC 61850,
the international standard for substation
automation. This article delves into the
crucial aspects of IEC 61850 modeling and
its object-oriented implementation,
exploring the intricacies of this transformative
standard and its impact on modern substation
design and operation. We'll also examine key
concepts like data modeling in IEC 61850,
SCL (Substation Configuration
Language), and the benefits of adopting an
object-oriented approach for IEC 61850
implementations.

Understanding IEC 61850
and its Object-Oriented
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Foundation
IEC 61850 is not just a communication
protocol; it's a comprehensive standard
defining communication, data models, and
functional aspects of substations. Its power
lies in its object-oriented approach, allowing
for a modular, flexible, and easily extensible
system architecture. Instead of relying on
proprietary communication protocols, IEC
61850 uses a standardized data model that
allows different vendors' equipment to
seamlessly interoperate. This interoperability
is a significant advantage, reducing
integration challenges and lowering costs.

This object-oriented paradigm is implemented
using Abstract Data Types (ADTs). These
ADTs define the properties and behaviors of
various substation components, such as
circuit breakers, protection relays, and
measurement transformers. Each component
is represented as an object with specific
attributes and methods, making it easier to
understand, manage, and integrate into the
overall system. This approach facilitates the
creation of sophisticated automation systems
with minimal development effort.
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Data Modeling in IEC
61850 and the Role of SCL
The heart of IEC 61850's effectiveness lies in
its powerful data modeling capabilities. The
standard employs a structured approach to
represent the physical and functional
components of a substation. This
representation uses a standardized
vocabulary, ensuring consistent interpretation
across different devices and systems. This
consistent data representation simplifies the
integration process and allows for easier
maintenance and troubleshooting.

Substation Configuration Language (SCL)
is a crucial element in this data modeling
process. SCL is an XML-based language that
allows engineers to describe the substation's
configuration and its various components.
Using SCL, engineers can define the network
topology, the types of devices present, their
attributes, and their relationships. This
configuration information is then used to
configure the devices and establish
communication between them. SCL provides a
powerful mechanism for automating the
configuration process, reducing human error
and ensuring consistency.
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Consider a simple example: a circuit breaker.
In an IEC 61850 model, the circuit breaker
would be represented as an object with
attributes such as its current status (open or
closed), its trip commands, and its associated
alarm signals. These attributes are clearly
defined within the SCL configuration, which
guides the object instantiation and
functionality.

Benefits of Object-Oriented
Implementation in IEC
61850
Adopting an object-oriented approach for
implementing IEC 61850 provides numerous
advantages:

Interoperability: Different vendors'
equipment can easily integrate thanks
to the standardized data model.
Modularity: The system can be easily
expanded or modified by adding or
changing objects.
Reusability: Pre-defined objects and
components can be reused in different
parts of the system or in different
projects.
Maintainability: Changes are easier to
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implement because of the modular
nature of the system.
Scalability: The system can be easily
scaled to accommodate larger and more
complex substations.
Reduced Development Time and
Cost: Reusability and standardization
reduce the need for custom
development.

Practical Implementation
Strategies and
Considerations
Implementing IEC 61850 requires careful
planning and execution. Key considerations
include:

Choosing the Right Tools: Several
commercial and open-source tools are
available for modeling and simulating
IEC 61850 systems. Selecting the right
tools depends on the specific needs and
requirements of the project.
Training and Expertise: A skilled
team with expertise in IEC 61850,
object-oriented programming, and SCL
is essential for a successful
implementation.
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Testing and Validation: Rigorous
testing is crucial to ensure the proper
functionality and interoperability of the
system. Simulation tools and test
environments are crucial for this phase.
Security Considerations:
Implementing appropriate security
measures is crucial to protect the
substation automation system from
cyber threats.

Conclusion
IEC 61850, with its object-oriented
implementation, represents a paradigm shift
in substation automation. Its standardized
data model, supported by SCL, provides a
robust and flexible framework for building
modern, interoperable, and scalable
substation systems. By understanding the
underlying principles of IEC 61850 modeling
and leveraging the power of object-oriented
programming, engineers can create efficient,
resilient, and secure power grids that meet
the growing demands of the 21st century. The
adoption of this standard is not just a
technical advancement; it's a critical step
towards a more reliable and efficient energy
infrastructure.
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FAQ
Q1: What is the difference between an
IED and a GOOSE message in IEC 61850?

A1: An IED (Intelligent Electronic Device) is a
physical device within a substation (e.g., a
protective relay, a circuit breaker). A GOOSE
(Generic Object Oriented Substation Event)
message is a communication mechanism
defined by IEC 61850 used for the rapid
exchange of real-time status and event
information between IEDs. IEDs are the
hardware, and GOOSE is the software
mechanism they use to communicate.

Q2: How does SCL relate to the object-
oriented nature of IEC 61850?

A2: SCL is the language used to describe the
object-oriented model of a substation. It
defines the objects (IEDs and their data
attributes), their relationships, and the
communication between them. Essentially,
SCL is the blueprint used to create the object-
oriented representation of the substation
within the system.

Q3: What are the major challenges in
implementing IEC 61850?
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A3: Challenges include the initial learning
curve associated with the standard's
complexities, the need for skilled engineers
and specialized tools, the integration of legacy
systems, and the need for robust security
measures to mitigate cyber threats.

Q4: What are some popular tools for IEC
61850 implementation and modeling?

A4: Several commercial and open-source
tools exist. Commercial options often provide
more comprehensive features and support,
while open-source options offer flexibility and
cost savings. Examples include DIGSI4
(Siemens), and various open-source
simulators.

Q5: How does IEC 61850 enhance
substation security?

A5: IEC 61850 doesn't directly provide
security, but its structured approach
facilitates the implementation of security
measures. This includes authentication,
authorization, and encryption at different
layers of the communication system, aiding in
protection against unauthorized access and
manipulation.

Q6: What is the future of IEC 61850?
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A6: The future of IEC 61850 involves
continued development to support emerging
technologies like AI and machine learning for
advanced analytics and predictive
maintenance in substations. Integration with
other standards for wider smart grid
applications is also a key focus area.

Q7: Can IEC 61850 be applied outside of
substations?

A7: While primarily focused on substations,
the principles and data models of IEC 61850
are increasingly being adopted in other parts
of the power grid and even in other industrial
automation contexts due to its strengths in
interoperability and object-oriented design.

Q8: What are some examples of specific
data objects defined within IEC 61850?

A8: Specific examples include objects
representing circuit breaker status
(open/close), measured voltage and current
values, protection relay settings, and various
alarm and event signals. Each object has
specific attributes and behaviors defined in
the standard.
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Modeling and Object-
Oriented Implementation of
IEC 61850: The New
International Standard on
Substations
The power industry is undergoing a major
revolution driven by the expanding
requirement for reliable and optimal energy
distribution. A essential element of this shift
is the integration of IEC 61850, the new
international standard for substation control.
This standard enables a model shift in how
substations are constructed, run, and
serviced, causing to better robustness,
productivity, and interoperability. This article
explores the representation and object-
oriented realization of IEC 61850,
emphasizing its key characteristics and
advantages.

### Understanding the IEC 61850 Standard

IEC 61850 is not just a set of technical
requirements; it's a thorough framework that
specifies a universal interaction method for all
devices within a substation environment.
Traditional substation designs relied on



Modelling And Object Oriented Implementation
Of Iec 61850 The New International Standard On

Substati

Modelling And Object Oriented Implementation Of Iec
61850 The New International Standard On Substati

12

private methods, resulting in interoperability
problems. IEC 61850 solves this by offering a
standardized approach to transfer details
between smart devices.

This normalization is achieved through the
use of an object-centric design. Each device in
the substation, from security relays to
measurement units, is modeled as an entity
with specific properties and functions. This
object-oriented approach enables simple
consolidation of various vendors' equipment,
minimizing the difficulty of system
engineering and upkeep.

### Object-Oriented Implementation: A
Deeper Dive

The essence of IEC 61850's effectiveness lies
in its object-oriented execution. This
realization depends on various essential ideas,
including:

Abstract Communication Objects
(ACIs): These are logical objects that
represent operational aspects of IEDs.
They define the details transferred
between components, irrespective of
the concrete implementation.

Data Objects (DOs): These are the
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actual data figures that are transferred
between IEDs. They are arranged within
the ACIs and represent measurements,
state information, and direction signals.

Service Objects: These specify the
interaction operations accessible
between IEDs. They control the transfer
of data objects and ensure reliable
communication.

MMS (Manufacturing Message
Specification): This is the underlying
communication protocol used by IEC
61850. It is an object-oriented
messaging mechanism that supports the
sharing of complex details structures
between IEDs.

### Practical Implementation Strategies and
Benefits

The object-oriented character of IEC 61850
enables for a segmented construction
technique. This means that different
components of the substation automation
method can be designed and assessed
individually, then consolidated seamlessly.
This decreases design time and costs.

Furthermore, the standardization offered by
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IEC 61850 improves interoperability. IEDs
from various vendors can interact
productively, eliminating vendor dependence.
This enhances adaptability and decreases the
risk of method failure.

Finally, the detailed representation
capabilities of IEC 61850 support for
advanced troubleshooting and surveillance
tools. This betters servicing productivity and
decreases downtime.

### Conclusion

IEC 61850, with its object-oriented execution,
shows a significant improvement in substation
control. Its standardized method allows
increased interoperability, effectiveness, and
reliability. Understanding its representation
principles and object-oriented execution is
essential for anyone engaged in the
construction, running, and maintenance of
modern substations. The advantages are
significant, going from lowered costs and
improved robustness to increased adaptability
and improved diagnostic capabilities.

### Frequently Asked Questions (FAQs)

Q1: What are the main difficulties in
executing IEC 61850?
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A1: Major challenges include combining
legacy mechanisms, handling the difficulty of
large-scale realizations, and ensuring safety
and network security.

Q2: What programming tools are
commonly used for IEC 61850
implementation?

A2: Many coding tools are suitable, including
C++, Java, and Python. The choice often rests
on the specific application and developer
preferences.

Q3: How does IEC 61850 contribute to
better substation cybersecurity?

A3: IEC 61850 enables the implementation of
robust protection mechanisms, including
authentication, authorization, and encoding.
Its uniform communication protocol makes
easier the management of security.

Q4: What is the future of IEC 61850?

A4: Future developments concentrate on
bettering connectivity with other regulations,
integrating advanced interaction technologies
like 5G, and allowing the combination of
artificial intelligence and machine learning for
better automation.
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